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As for A), these cohesive forces and those from along the top of the liquid should be uniform 

throughout the liquid. The only real difference is the difference between the curved tensile in the capillary 
tube and that of an equivalent line of a flat tensile. Accordingly our analysis could have included these but 
we would have arrived at the same result! 

  However, the same cannot be said if due consideration was given to B), C) and D). Since all 
these cohesive forces are perpendicular to the capillary depression, then they probably do not affect the 
result. Having said that, this may warrant more consideration.  

  Secondly, another explanation for why 40) is so strongly believed may lie in the process of 
measurement. 
 
  
Measurement in Capillary Action 

  Whether one is talking about capillary rise or capillary fall, this author believes that the 
measurement of h should be made along a line passing through the centroid of the section containing the 
curved tensile layer in the capillary tube, as illustrated in Fig 11. And not to either the top or bottom of the 
curved tensile layer in either capillary rise or fall, as is done traditionally. 
 

Traditionally measurement

Fig. 11                  Shows the top of a tensile layer in capillary rise on the left and the top of 
a tensile layer in capillary fall on the right. In both cases the height ( ) should be 
measured to the plane which defines the center of mass of the capillary section.  
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For the case of capillary rise this would mean that the traditionally measured location gives a 

slightly higher value for the h than it should be. Conversely, for capillary depression the traditionally 
measured value would be lower than it should be, hence providing an explanation as to why 40) is so 
strongly believed by those using traditional theory. 
 
Clarification 

  For clarification, the derivation of 7) ,8) and 9) can be found in this author’s paper10, 
entitled: ”Energetics of Nucleation”. Since the paper primarily dealt with nucleation, 29) and 39) were 
simply stated, in order to demonstrate to the reader, that the treatment of all cohesive forces may warrant 
due consideration. Hence the more formal derivation and discussion of 29) and 39) were left for this paper. 
 
Conclusions 

  In this treatise we did not prove that the intermolecular cohesive forces perpendicular to tensile 
layers must be considered when contemplating a pressure change across a tensile layer, whether it be 
curved or flat. By considering all the intermolecular cohesive forces, meaning both along and perpendicular 
to the tensile layer in capillary action, we arrive at results that are close (82.5-85%) to the traditionally 
accepted value when the tensile layer is approximated to being spherical! Considering, the tensile layer as 
being elliptical resulted in an improved approximation, although a precise calculation can only be attained, 
by considering the tensile layer’s exact shape. Interestingly, for capillary rise the act of wetting the capillary 
tube should result in a higher height of rise, by increasing yr  in comparison to xr .     

  In both capillary rise and depression, the measurement of height is often taken to be the highest 
point in the curved tensile surface, rather than a line passing through its centroid. For capillary rise this 
means that the measured height is too large, while in capillary depression it would be too small, thus 
reinforcing the traditional theory.      
   We also realized the some of the difficulties exist in measuring the pressure with a bubble and/or 
droplet. Furthermore, when measuring the pressure within most liquids, whether it is a droplet or a 
container of liquid, the measurement of pressure will be lowered due to any affinity between the liquid to 
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the end of the probe, hence nullifying from the reading any pressure increase within the liquid due to the 
intermolecular cohesive forces directed perpendicular to the tensile layer and into the liquid. 
  We are no longer befuddled by the enigma as to why we simply omit the intermolecular cohesive 
forces perpendicular to the tensile layer. Certainly, logic dictates that there is a resultant force associated 
with such cohesive forces, therefore a pressure/tension associated with them. Interestingly, the concept of 
contact angle was not required in our analysis leaving the astute reader to ponder whether contact angle 
may be a result, rather than some reason as conveyed in traditional theory9. 

The paper is a treatise demonstrating that when one considers all the intermolecular cohesive 
forces, both along and perpendicular to a tensile layer that one does arrive at some interesting results. In 
many ways it is an elaboration of some concepts originally discussed in an earlier paper by this author, 
which dealt with the theory of nucleation (paper entitled: Energetics of Nucleation). Since that paper dealt 
with nucleation, certain equations concerning the pressure change across curved tensile layers were simply 
stated. It must be emphasized that the derivation of those stated equations were given to the reviewers but 
no comments were made. 

 The paper Energetics of Nucleation was deemed controversial and was not going to be published, 
until this author found some data from an experiment performed in 2001, in which a laser was shot into 
degasified water and the energy required for nucleation was calculated. The data in question could not be 
explained by the research group but was an exact fit to what this author was saying, hence publication. The 
Lauterborne group in Germany, who performed the experiment in question, has confirmed the exactness of 
fit. 

 I am an independent researcher whose interest lay in nucleation theory and thermodynamics. I 
have also another paper concerning work that has been accepted for publication by Physics Essays and 
another currently in the review process. Neither of those papers deals with cohesive forces and tensile 
forces that being the paper presented herein. 
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ABSTRACT: The impact of crude oil on agricultural land, germination, growth and morphology of beans 
seeds (Phaseolus vulgaris) after bioremediation of agricultural soils polluted with crude oil using selected 
strains of Pseudomonas putida (PP) was investigated (E). A similar polluted agricultural soil not inoculated 
with PP served as a control (C). In e, the residual oil concentration decreased from 0.260 at week zero to 
0.002g/g soil at week 10 representing about 92% oil reduction. The corresponding values for c were 0.240 
and 0.170g/g soil respectively and this is equivalent to about 17% oil reduction. The levels of oil reduction 
in both E and C were confirmed by the results of gas liquid chromatography which revealed smaller peaks 
for E.  At day 16 during germination experiments, there was 40% germination in E and 20% in C. For C, 
the mean seedlings height was 5.20 cm and all displayed abnormal morphology such as stunted growth and 
chlorosis. Thus treatment of oil-polluted agricultural land with PP culture as bioremediating agent can 
produce soils which can grow healthier plants than where bioremediation has not taken place. In conclusion, 
beans seeds germination and the general morphology of the seedlings seem to be reliable biological indices 
for the evaluation of the recovery of crude oil-impacted land after bioremediation protocols using selected 
microorganisms. [Nature and Science. 2007;5(4):53-60].  
 
Keywords: Crude Oil, Pollution, Bioremediation, Pseudomonas Putida, Agricultural Soil And Seed 
Planting 
 
INTRODUCTION 

Land, a major factor of production and an employer of human resources for agricultural purposes 
for food production, has become a necessity especially in countries where fertile arable land is scarce (Atlas, 
1991; Harley and Englande, 1992). To avoid poor yields of agricultural produce caused by planting in oil-
impacted land, the regaining of the soil fertility upon pollution is very important and may involve some 
waste management such as bioremediation protocols (Atlas, 1991: Achana et al, 2005: Nwachukwu, 2001). 
This can be achieved using a selected strain of Pseudomonas putida (PP) which was examined as a part of 
the objective of this study. Even after bioremediation of oil-impacted land, there is the critical need to 
evaluate and ascertain the recovery of the land in terms of soil structure and fertility before planting. The 
best method to achieve this is by a biological method. Thus, the effectiveness of the bioremediation 
programmes put in place in the oil-impacted soils were evaluated by planting bean seeds (Phaseolus 
vulgaris) as the major aim of this study. Also, the percentage germination and growth profiles of beans 
seeds as biological evidence of the recovery of the oil-impacted soils were examined. 
 
MATERIALS AND METHODS 

Duplicate oil-impacted agricultural soils (4kg each) to the level of 2.04%w/w pollution collected 
from Niger Delta area of Nigeria was bioremediated by application of 350ml of the developed culture of 
Pseudomonas putida (PP) containing 3.80 x 106 cfu/ml in nutrient broth (E). The duplicate setups (C) 
contained all the materials present in E but without PP culture. At two weeks intervals, inoculation of E 
with PP culture and C equivalent amount sterile distilled water was repeated for a period of ten weeks. 
During this period, changes in the residual crude oil concentration by both gravimetric and gas liquid 
chromatographic methods (Yveline et al, 1997), population density of total bacteria on nutrient agar and PP 
on selective Pseudomonas medium (Oxoid) and fungi on potato dextrose agar (Oxoid) were monitored. At 
the end of the bioremediation period (10 weeks), the soil samples were tested to check whether or not the 
oil pollutant was eliminated by planting selected ten healthy beans seeds (Phaseolus vulgaris) (PV) per 
replicate of soil E and comparing the morphological characteristics such as percentage seed germination, 
leaf structure, height, etc of the seedlings obtained with those of C (Nwachukwu et al., 2001). Using 
Pseudomonas spp as test organisms with a mean generation time (T) in tropical soil ecosystem polluted 
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with crude petroleum as 14.84 days as previously determined (Chukwu et al., 2005), the time required for 
the environment to recover completely on terms of microbial load was estimated using the model (Dawes, 
1969): 

 
 Log Nt  log N0  = t 
  Log 2  T 

 
Where Nt = highest exponential growth phase population density of PP at time t; N0 = initial 

exponential growth phase population density at time zero, t0; t = exponential growth phase time; T = mean 
generation time of PP in oil-impacted tropical soil ecosystem. Thus, in this case, Nt = 1.511 x 10 8 cfu/g, 
N0 = 1.82 x 10 5 cfu/g and T= 14.84 days. 

The socio-economic aspects of this study involved interviewing some people from Niger Delta 
area of Nigeria as regards their demand for land as an important factor of productions, the other possible 
ways of augmenting their income and the government policy and implementation strategies about their 
environments grossly polluted with crude oil. To achieve this, 200 male and 200 female adults in the Niger 
Delta area were interviewed through the use of questionnaires. 
 
RESULT AND DISCUSSION 

Figure 1 shows the growth profiles of Pseudomonas putida (PP) during inoculum development. 
The broth inoculated with PP showed increases in optical density over the period. Thus, the culture was at 
its exponential stage when it was applied as a bioremediating agent to the agricultural soil samples polluted 
with crude oil. In contrast, the control broth showed little or no increase in optical density over the period 
suggesting the absence of microbial contaminants in the broth systems during inoculum development. Thus, 
any observed differences between C and E could be attributed to the culture inoculated into E. generally, 
the microbial populations increased persistently for the first few weeks and this was much more remarkable 
in E than observed for C (Fig.2). The predominant microorganisms identified for both E and C replicates 
included Bacillus spp, Lactobacillus spp (bacteria); Candida spp and Penicillium spp (fungi). In addition, 
Pseudomonas spp occurred abundantly in E and this could be attributed to the inoculated culture into E as a 
bioremediating agent. In E, the residual oil concentration (ROC) decreased from 0.026 to 0.002 g/g soil at 
week 10. The corresponding values for C were 0.024 and 0.017 g/g soil respectively (Fig.3). Moreover, GC 
profiles of ROC showed remarkable reductions in peaks and the values for biomarkers namely nC17/ 
pristane and nC18/ phytane ratios were much more pronounced in E (Fig.4) supporting the gravimetric 
values observed for ROC. Furthermore, the percentage seed germination in E was 40% at day 12 with the 
seedlings reaching a mean height of 7.75cm at day 16. The equivalent values for C were 10% AND 5.50cm 
respectively giving the difference of about 48% in seedling heights (Fig.5). Generally the growth profiles in 
PV were poor in C with pronounced abnormal morphology when compared with results obtained for E 
(Fig.6). This is in line with our previous reports although cress seeds (Lepidium spp) were used 
(Nwachukwu et al., 2001). When the values obtained for Nt, N0 and T were fitted into the above model, the 
time probable (t) required for the oil-impacted agricultural soils (E) to recover completely in terms of 
microbial load from the day of putting in place the bioremediation protocols was estimated at 26.14 weeks. 
Consequently, it would take the polluted soil ecosystem (E) approximately 26 weeks from the day of 
sampling to return to the normal conditions obtainable in the equivalent unpolluted agricultural land in the 
Niger Delta region. This estimation is valid only on the condition that no crude petroleum or petroleum 
products would be further introduced into the environment. This is because chronic addition of oil pollutant 
as a result of imminent oil spills due to the activities of oil industries located in the area or to natural blow-
outs from oil deposits could increase the recovery time (Atlas, 1991). From the responses of the people in 
the Niger Delta area interviewed, 344 (86%) were farmers involved in practices such as intensification of 
agricultural production with shortening of traditional rotation methods and permanent monocropping 
without sufficient time for replenishment of nutrients. This is further worsened by the chronic crude 
petroleum pollution in the area with attendant high degree weathering of the environment and poor yield. 
Incidentally, the government policies about the high attendant socio-economic problems confronting the 
farmers as a result of the pollution of their agricultural land are not clearly defined. For the control (C), the 
recovery time could be longer than observed for E but was not estimated using the model. This is because 
the population density of bacteria in C had not reached its exponential peak to allow the application of the 
model in order to estimate the recovery time for C (Dawes, 1969). 
Significance and impact of study: 
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This study confirms that treatment of oil-impacted agricultural land with a selected culture of 

Pseudomonas putida can produce soils which are capable of growing healthier plants than where 
bioremediation and bioaugmentation has not taken place. Moreover, from the results of this study, planting 
of PV seeds seems to be a good biological index that can be used in evaluating the level of recovery of 
agricultural land upon pollution with crude oil. This is because of the low oil concentration of 0.002 and 
0.017g/g soil in E and C respectively at week 10 was probably responsible for the low percentage 
germinations and the gross biological damages usually observed in crude oil-impacted ecosystems. Thus, a 
selected culture of P. putida isolated from tropical ecosystems (Nwachukwu, 2001) seems to be a suitable 
bioremediating agent of oil-impacted agricultural land while P. vulgaris seeds are highly sensitive to crude 
oil toxicity; its germination efficiency is therefore, a good biological index of evaluation of the 
rehabilitation of land upon pollution with crude petroleum or petroleum products. 
 
 
 

 
 
 

Figure 1. Micobial populations  
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Figure 2. Mean leaf and leaf breadth of bean seedling 

 

 
 

Figure 3. Leaf length and leaf breadth  
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Figure 4. Seedling heights  

 
 

 
 

Figure 5. Chromatography  
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Figure 6. Chromatography  
 

 
 

Figure 6. Gas Chromatography  
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Figure 6. Gas Chromatography  
 
 

 
 
 

Figure 7.  
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CONCLUSION 
From the results of this study, rehabilitation agricultural land polluted with crude petroleum at the 

Niger Delta area or elsewhere could be facilitated by inoculation with a selected culture of Pseudomonas 
putida. The poor percentage seed germination in both the experimental (40%) and control (10%) replicates 
is, therefore, an indication of crude oil phytotoxicity and the broad range of ecological damage associated 
with oil spillage in natural ecosystems. 
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Abstract: This project is to elucidate the relationship between systemic inflammation and plaque 
disruption and thrombosis. The implications of this could greatly define the mechanism leading to acute 
cardiovascular events including myocardial infarction and strokes. Also, this could lead to novel 
therapeutic and preventive approaches. The proposal seeks to investigate the kinetics of inflammation 
markers prior to and during an acute cardiovascular event. The feasibility depends on a valuable model 
developed by Dr. Abela’s laboratory. This is an atherosclerotic rabbit model that can be pharmacologically 
triggered to develop plaque disruption and thrombosis. Thus, the inflammatory process can be monitored 
through an event. This rabbit atherosclerotic model is ideally suited to test potential therapeutics. Specific 
Aim 1 will investigate the mechanism of C-reactive protein (CRP) in the development of acute thrombosis. 
CRP has been shown to increase plasminogen activator inhibitor 1 (PAI-1) and tissue factor (TF) in cell 
culture. This will be evaluated in an in vivo model and the kinetics and sequence of expression of markers 
will be demonstrated in the applied project. CRP effects on TF and CD-40L/CD-40 pathway activation will 
be evaluated. Platelet aggregation and adhesion will be measured in atherosclerotic rabbits with higher 
soluble CD40L following vascular injury in a dual organ perfusion chamber with and without antiplatelet 
agents. CRP, TF, IL-6 and CD40 will be evaluated following thrombus triggering in 20 rabbits compared to 
20 control rabbits. Specific Aim 2 will use immunohistochemical methods to demonstrate the localization 
of inflammatory markers in the arterial wall with local temperature rise. Specific Aim 3 will use thermal 
model to analyze the generation of local temperature following vascular injury. This will be done both in a 
special in vitro thermally isolated and in vivo. Specific Aim 4 will study the relationship between the 
inflammation factors and the effect of UV excimer laser on the thrombosis in the atherosclerotic rabbit. 
[Nature and Science. 2007;5(4):61-74].  
 
1. Specific Aims 
    In order to study relationship of inflammation and thrombosis, an atherosclerotic rabbit model will be 
used (1) and C-reactive protein (CRP), plasminogen activator inhibitor 1 (PAI-1), inteleukin-6 (IL-6), 
inteleukin-1 (IL-1), tissue factor (TF), tumor necrosis factor-alpha (TNF-α), tissue plasminogen activator 
(tPA), CD40, and temperature will be measured.  
 
    Specific Aim 1. To Determine the Mechanism of CRP-mediated Vascular Thrombosis.  
    Aim 1a will test the hypothesis that increased serum CRP induces thrombosis by increasing PAI-1 and 
TF levels. We propose to determine in vivo physiological mechanisms underlying CRP induced PAI-1 and 
TF by investigating the kinetics of CRP, PAI-1 and TF level changes.  
    Aim 1b will test the hypothesis that CRP induced TF is mediated via CD40/CD40L (CD40 ligation) 
activated pathway, and CRP mediated upregulation of PAI-1 is mediated by inhibition of tPA leading to 
acute thrombus formation in vivo. Time-course immunohistochemical studies will be conducted to 
determine the localization of CD40, CD40L, TF, tPA and PAI-1.  
    Aim 1c. To test the specificity of CRP, PAI-1, and TF mediated thrombosis, we will administer 
neutralizing antibodies to CRP, PAI-1, and TF to reduce the thrombotic events.   
    Aim 1d will test the hypothesis that platelets from rabbits with atherosclerosis will have significantly 
higher levels of soluble CD40/CD40L production.  
 
    Specific Aim 2. Mechanism of Injury-induced Arterial Wall Temperature Increase and Mediatory 
Role of CRP.  
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    Aim 2a. Using temperature measurement as a diagnostic marker of intensity of the inflammatory 
response, the arterial wall temperature will be measured at sites of arterial injury and correlated to the 
changes in serum CRP concentrations.  
    Aim 2b will evaluate the relationship among tissue cholesterol levels, expression levels of CRP, PAI-1, 
tPA, TF, CD40/CD40L, and local temperature rise in the aortic atherosclerotic plaques. To determine the 
causative factors of temperature rise in the atherosclerotic lesions, we propose to determine levels of CRP, 
PAI-1, tPA, TF and CD40/CD40L in the atherosclerotic plaques and correlate these data to arterial wall 
temperature and cholesterol levels.  
    Aim 2c will evaluate the effect of administration of antibodies directed against TF, CD40, CD40L, PAI-
1 and tPA and CRP antibodies on the changes in arterial wall temperatures.  
 
    Specific Aim 3. Thermal Modeling of Injury Site to Obtaining Quantitative Relationships Between 
the Rate of Heat Generation and Associated Temperature Rise. 
    Aim 3a will determine the heat released during clotting of blood using a calorimeter experiment. The 
information can in turn be utilized to calculate the expected temperature rise associated with clotting in an 
artery in the body.  
    Aim 3b. Using numerical methods for the heat transfer processes involved in the arteries, estimates can 
be prepared relating the amount of heat generated to the temperature rise expected in response to the heat 
addition.  
    Aim 3c. Using methods of inverse heat transfer analysis, measurements taken in Specific Aim 2 can be 
analyzed to compute the amount of heat generated at the site of an injury.  
 
    Specific Aim 4:  Relationship Between Inflammation Factors and Effect of Excimer Laser Ablation 
of Thrombus.   
    Aim 4a will test the effect of UV excimer laser on thrombosis in atherosclerotic rabbit. Our previous in 
vitro studies showed that UV excimer laser alters platelet aggregation based on total energy and greater 
laser power resulted in higher rate of thrombus ablation (2).  
    Aim 4b will study if the inflammation factors in the serum of rabbit are correlated to the UV excimer 
laser effect on thrombus formation/ablation and platelet activities in vitro and in vivo.  
 
2. Background and Significance 
    2.1 Atherosclerosis, Systemic Inflammation and Thrombosis. 
    Increasing number of studies has demonstrated that atherosclerosis is associated with inflammation and 
acute coronary events. Buffon et al demonstrated that in an acute cardiovascular event related to a lesion in 
one coronary artery was associated with inflammation in the adjacent and non-involved artery by 
angiography (3). A compelling amount of data using different technologies have demonstrated that often 
more than one plaque is ruptured both in the culprit artery with thrombosis and in adjacent non-occluded 
arteries at the time of an acute myocardial event (4). Rioufol et al demonstrated multiple atherosclerotic 
plaque ruptures in patients during acute coronary syndrome by conducting intravascular ultrasound scan of 
all three coronary arteries in 24 patients with acute coronary syndrome (5). Furthermore, patients with acute 
cardiovascular events seem to have plaques that have ruptured in other arterial beds such as the carotid 
arteries at the time of the event (6). Thus, it is almost inevitable to assume that the outcome at a specific 
arterial site is being influenced by a systemic process. Additional supportive data regarding the systemic 
nature and effects of atherosclerosis comes from the strong association between peripheral vascular disease 
and coronary artery disease (7). In fact, carotid arterial wall thickness has been used as a strong index of 
coronary artery disease and predictor of future events (8). Also, as with coronary artery disease, the 
elevation in CRP is an indicator of future development of claudication and symptomatic peripheral vascular 
disease (9). All these observations seem to support that coronary artery disease is part of a systemic 
condition reflected by the presence generalized inflammation. Further, as with coronary artery disease, the 
elevation in CRP is an indicator of future development of claudication and symptomatic peripheral vascular 
disease. Systemic inflammatory marker CRP also has recently been shown to play an important role in 
promotion of atherothrombosis by increasing recruitment of monocytes (10) and by increasing recruited 
monocyte synthesis of TF (11). It has also been shown that CRP exerts its proatherothrombotic effect 
directly on endothelial cells (ECs) by increasing PAI-1 in the EC resulting in platelet aggregation and 
thrombosis. PAI-1, a marker of impaired fibrinolysis exert its atherothrombogenic effects by inhibiting 
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conversion of inactive plasminogen to active plasmin, a fibrin-degrading protease, by binding and 
inactivating tPA and urokinase plasminogen activator (12, 13). Further, PAI-1 has been shown to have the 
highest affinity for tPA in plasma and thus has been suggested to be the major regulator of tPA activity in 
the blood (14). Indeed, decreased fibrinolysis due to increased PAI-1 activity, PAI-1 and tPA complexes, 
and decreased tPA levels have been demonstrated in patients with coronary artery disease. PAI-1 is also 
increased in atherosclerotic plaques, and blood of patients with atherosclerosis, especially increased in 
diabetic patients (15). Interestingly, diabetic patients are known to be at greater risk for acute 
cardiovascular events.  Also, CRP is markedly higher in patients with metabolic syndrome as well as 
diabetes (16). Importantly, increased PAI-1 levels have been shown to enhance thrombosis, and 
administration of antibodies directed against PAI-1 has been shown to be effective in prevention of the 
thrombosis development (17-21). Furthermore, a recent study has shown that transgenic mice expressing 
human PAI-1 develop coronary arterial thrombosis (22). CD40 a membrane-bound glycoprotein is 
expressed in B lymphocytes, dendritic cells, monocytes, and ECs (23). Its ligand, CD40L is expressed in 
activated T cells, smooth muscle cells, macrophages (23, 24) and activated platelets (25). Further, 
procoagulant activity of platelets has been shown to be via the CD40/CD40L pathway (25, 26). Importantly, 
recent study has shown that activated platelets increase TF in human monocytes (27). Since TF expression 
in monocytes and macrophage has been shown to be induced by cross-linking processes, it is plausible that 
CD40L expressing platelet interaction with CD40 expressing monocytes and macrophages cross link to 
induce TF production from the monocytes and macrophages. Interestingly, an increasing number of studies 
support a key role for the CD40/CD40L pathway in atheroma progression. Patients with unstable angina 

have significantly higher levels of soluble and membrane-bound forms of CD40L (28). Recent studies have 
also suggested that activated platelets can express CD40L and trigger inflammatory response and TF 
expression in ECs through interaction with CD40 (29). The linkage between systemic inflammation and 
coagulation, and possibly thrombosis may involve TF. Circulating TF is detected in patients with unstable 
angina (30), and high levels are expressed on macrophages in unstable plaques (31). It has also been shown 
in monocytes that CRP induces the production of inflammatory cytokines and promotes monocyte 
chemotaxis and TF expression (10, 11). Increased monocyte TF expression during infection or tissue 
necrosis may be at least partially mediated by an increased CRP level (11). This study and others strengthen 
the hypothesis that CRP is associated with clinical events by altering clotting status through induction of 
monocyte TF (11, 32).  
 
    2.2 Arterial Wall Temperature as a Reflection of Inflammation.  
    A strong physical marker for inflammation is temperature elevation. In fact, inflammation has been 
traditionally defined by ‘calor’ - heat , ‘rubor’ - redness, ‘dolor’ - pain and ‘turgor’ - swelling. Recently, 
studies have demonstrated that increased arterial temperature as an index of inflammation may be a marker 
of increased risk for plaque rupture and thrombosis. Cassells et al demonstrated temperature elevation at 
specific sites of plaques extracted during carotid endarterectomy procedures. At histologic examination, the 
sites with higher temperature had a greater concentration of inflammatory cell density (33). Stephanadies et 
al conducted several studies measuring temperature in human coronary arteries using a thermal sensing 
catheter. They demonstrated a wide local temperature dispersion in coronary arteries of patients who 
presented with acute cardiovascular events but not in patients with normal arteries or stable angina 
symptoms (34). Both the physical and the biochemical data seem to track together suggesting that both 
temperature and elevation in inflammatory molecules are involved in the process leading to and possibly 
causing the acute cardiovascular event. However, it is probably thrombus formation that is the common end 
pathway that is the result of this process. Thus, thrombus formation may be a common denominator that 
can be used to access the extent of local inflammation.  
    Despite some inconsistencies in the temperature measurements in detecting “vulnerable plaque”, 
detection of local inflammation and thrombus may be equally valuable data in the assessment of immediate 
outcome and potential future cardiovascular events. Thermistors have been used with sinusoidal heating to 
determine thermal parameters in small arteries. This work by Anderson and Valvano (35) was performed in 
canine kidneys, but has wide applicability for arterial thermal measurements. Studies of heat transfer in 
blood flow in artery and vein pairs have been studied by Roemer (36). Analytical solutions were compared 
to numerical calculations for heat transfer in blood vessels by Zhu and Weinbaum (37). Green's functions 
were used in the exact solutions in this work and axial variation was observed with this formulation for the 
first time. Radiative heating of biological tissues was examined by Klemick et al (38). A numerical grid 
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was used in this work, which would be similar to the analysis proposed presently. A solution of the Pennes 
equation was given by Chan (39) using the boundary element method. As a predecessor to the work by Zhu 
and Weinbaum (37), this solution did not allow temperature variation in the axial direction. The body of 
research for arterial heat transfer is mature enough to allow a solid foundation on which to compute 
temperature rises due to the biochemical reactions, proposed for investigation as part of the present 
proposal.   
 
3. Preliminary Studies  
    3.1 Cholesterol Content Was Directly Correlated With Amount of Thrombosis. Using the 
atherosclerotic rabbit model of plaque disruption and thrombosis, we demonstrated that the amount of 
cholesterol content in arterial wall is directly correlated with amount of thrombus formation (r=0.98; 
p=0.003) (40).  
    3.2 CRP Increased Significantly with Thrombus Formation. With the atherosclerotic rabbit model 
our results showed that levels of CRP increased significantly with thrombus formation (41). Also, 
pravastatin preserves vasomotor response after balloon angioplasty (42) and beta-carotene preserves 
endothelium dependent relaxation in atherosclerotic rabbits (43).   
    3.2 Possible Mechanism of Systemic Inflammation Mediated Local Thrombosis. With the same model 
as 3.1, results showed that rabbit serum IL-6 concentration increase and reached peak level by 24 
hours after thrombus triggering. This rise in IL-6 levels was preceded by the subsequent rise of 
serum CRP from 24 hours after Russell viper venom (RVV) and histamine administration reaching 
the peak levels by 48 hours. Sustained CRP as well IL-6 levels were observed from 48 to 72 hours. 
Interestingly, we observed concurrent rise of IL-6 and PAI-1 up to 24 hours. Importantly, the 
delayed second increases of serum PAI-1 levels were observed from 60 hours after RVV and 
histamine triggers. Immunohistochemical staining of section from thoracic aorta of atherosclerotic 
rabbits demonstrated that TF presented in the sites where thrombus formed.   
    3.3 In vitro Testing of the Thermal Response of Arteries to Injury. With a dual perfusion chamber to 
measure the temperature of arteries injured by balloon catheter, our results showed that temperature rose of 
approximately 1oC at the injured location.  
    3.4 In vivo Vascular Injury Elicits a Local Temperature Response. At 48 hours after rabbit thrombus 
triggering, a 4F special thermal catheter was advanced via a femoral cut down using fluoroscopic guidance. 
Temperature increased in the thrombus present site but not in the thrombus absent site.  
    3.5 Continuous Platelet Aggregation Measurement Using Laser Light Scattering. Using laser light 
scattering method to continuously measure platelet aggregation and 111In-labeled platelets to measure 
platelet adhesion, we showed that platelet activity was increased when the platelet passed through an 
injured artery (44, 45).  
    3.6 Effect of Laser on Platelet Function and Stress Protein. Platelet rich plasma (PRP) circulating in a 
chamber was lased by 308 nm UV excimer laser with various energies and the platelet aggregation was 
measured by laser light scattering. The results showed that at the lower laser energy there was no 
significant platelet aggregation while at higher energies there was a significant increase in platelet 
aggregation (2). Heat shock protein 70 is reduced in rat myocardium following transmyocardial laser 
revascularization (46).  
    3.7 Effects of Aspirin on Platelets During Laser Procedure. Using the dual organ chamber, the results 
demonstrate a significant reduction in platelet aggregation by aspirin when measured by laser light 
scattering method.  
    3.8 Type and Amount of Debris Formed by Laser Ablation. Rabbit thrombi were formed by 
fibrinogen (5 mg/ml), thrombin (0.3 unit/ml) and CaCl2 (1.5 mg/ml) then lased by UV excimer laser. The 
results demonstrated that at higher energies and catheter size resulted in greater amount of thrombus 
ablation and debris generation.  
    3.9 Gross and SEM of Thrombus Debris Formed by Laser Ablation. Gross and SEM images 
demonstrated that size, shape and structure of thrombus debris formed by excimer laser were correlated to 
the accumulated laser energy.  
    3.10 Hemoglobin Release into Medium. After lasing 1 ml rabbit whole blood with 2.0 mm fiber at 35 
mJ/pulse and 10 Hz for 1 min, about 25% hemoglobin was released into the buffer.  
 
4. Research Design and Methods  
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    Rabbit Atherosclerosis Inducing and Thrombus Triggering (1): Each year, fifty NZW rabbits will be 
used. Control-control group (n=10) rabbits are fed a regular diet for 6 months. Control group (n=20) and 
thrombus group (n=20) rabbits are undergone balloon deendothelialization and were then maintained on a 
1% cholesterol enriched diet (Harlan-Sprague Dawley, Inc., Indianapolis, IN) alternating with regular diet 
every month for a total of 6 months. Under general anesthesia (ketamine 50 mg/kg and xylazine 20 mg/kg, 
i.m.) balloon-induced deendothelialization of the aorta is performed using a 4F Fogarty arterial 
embolectomy catheter (Baxter Healthcare Corporation, Irvine, CA) introduced through the right femoral 
artery cutdown. The catheter was advanced in a retrograde fashion to the ascending aorta and pulled back 
three times. Thrombus group rabbits will be triggered thrombus by RVV (0.15 mg/kg, i.p., Sigma Chemical 
Co., St. Louis, MO) and histamine (0.02 mg/kg, i.v., Sigma Chemical Co., St. Louis, MO).  
    Aim 1a. Our preliminary data showed that serum CRP levels are significantly higher in the 
atherosclerotic rabbits, which have thrombi, compared to the atherosclerotic rabbits without thrombi 
formation in vivo (41). To determine whether two of the major regulators of thrombosis (PAI-1 and TF) are 
involved in CRP-associated thrombosis, venous blood will be collected from the ear vein at an interval of 6 
to 72 hours from the cholesterol fed atherosclerotic rabbits post administration of RVV and histamine. The 
serum will be immediately stored at -80°C until further use. To measure kinetics of CRP-mediated 
thrombosis, time-dependent changes of serum CRP, PAI-1, IL-6, IL-1, TNF-α, and estrogens will also be 
investigated using ELISA. Briefly for rabbit CRP ELISA, 50 µl of anti-rabbit IgG capture antibody will be 
added to each well of 96-well plates (Dynatech Laboratories, Chantilly, VA) and incubated overnight at 
4°C. The wells will be then washed with phosphate buffered saline (PBS) containing 0.1% tween 20, and 
50 µl of rabbit serum diluted in 1:1000 ratio in 10% fetal bovine serum (FBS) and 1× PBS were added to 
each well. The wells will be washed and 10 µg of horseradish peroxydase conjugated anti-rabbit IgG 
detection antibodies will be added. The wells will be then washed with PBS containing 0.1% tween 20 
prior to addition of 65 µl of 5,5 -tetramethyl- benzidine (TMB) liquid substrate. Within 30 minutes 
following addition of TMB substrate, the reaction will be stopped with 100 µl of 1 M H2SO4. The 
absorbance at 450 nm will be measured using microplate reader (Molecular Device, Sunnyvale, CA). IL-6, 
IL-1 and TNF-a levels will be measured using ELISA kits (BD Bioscience, San Jose, CA). Serum PAI-1 
levels will be measured using rabbit PAI-1 kit according to the manufactures instructions (Molecular 
Innovations, Southfield, MI). To measure changes in TF pathway of blood coagulation, factor VII 
coagulant activity will be measured using plasma prepared at room temperature to avoid cold activation 
before being frozen at -80°C. FVII coagulant activity (FVIIc) will be then determined in a two-stage 
chromogenic assay containing thromboplastin (CoA-Set FVII, Chromogenics AB, Mølndal, Sweden).  
    Aim 1b will test the hypothesis that CRP induced TF is mediated via CD40/CD40L activated pathway, 
and CRP mediated upregulation of PAI-1 is mediated by inhibition of tPA leading to acute thrombus 
formation in vivo. To address this specific aim, time-course studies will be conducted to identify the portion 
of CD40, CD40L, TF, tPA and PAI-1 secreting cells using fixed peripheral blood from atherosclerotic 
rabbits. Briefly, peripheral blood will be fixed with addition of 1% formaldehyde followed by dilution at 
1:200 with PBS. Erythrocytes will be removed by addition of FACS lysis solution for 10 minutes at room 
temperature. Samples will then be incubated for 30 minutes at room temperature with various antibodies 
including fluorescein isothiocyanate (FITC)–conjugated anti-CRP, anti-CD40, anti-CD40L, anti-TF and 
anti-PAI-1. Approximately 104 cells will be analyzed by FACS Vantage equipped with a G3 Mac computer 
and CellQuest software (Becton-Dickinson, San Jose, CA). Monocytes will be identified by gating for 
CD14+ cells. T cells will be identified by gating for CD4+ cells and CD61+ will be used for identifying 
platelets. Furthermore, the levels of arterial wall cholesterol will be correlated to the serum levels of CRP 
and to the tissue levels of CD40, CD40L, TF, tPA, PAI-1.  
    For immunohistological analysis, rabbit aortas will be rapidly removed and frozen in liquid nitrogen 
followed by snap-freeze in OCT compound (Tissue-Tek) after the rabbit are killed. Cryostat sections (7 µm) 
of the aorta will be prepared, and air-dried 30 minutes at room temperature prior to washing with 0.1 M 
PBS followed staining with the respective antibody: anti-CD40, anti-CD40L, anti-TF and PAI-1, and anti-
CRP. As negative controls, isotype control IgG will be used. After incubation with the appropriate 

biotinylated, affinity-purified secondary antibodies, the sections will be incubated with alkaline 
phosphatase-labeled streptavidin solution and visualized using a fast red substrate kit. Quantitative analysis 
of atherosclerotic lesions was performed by a single observer blinded to the experiment protocol. All 
images will be captured by microscope equipped with camera and analyzed using Adobe Photoshop 6.0 and 
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National Institute of Health Image 1.62 Software. For all samples, the average value for 5 locations for each 
animal will be used for analysis. 
    Aim 1c. To test the specificity of CRP, PAI-1 and TF mediated thrombosis, we will administer 
neutralizing antibodies to CRP, PAI-1 and TF to reduce the thrombotic events. Administration of CD40 and 
CD40L antibodies will also be conducted to demonstrate the specificity of CD40/CD40L mediated TF 
upregulation. Selected or acceptable antibodies will be injected intraperitoneally at doses 50, 100, 250, 500, 
and 1000 µg prior to administration of RVV and histamine for additional 72 hours. All animals will be 
killed at the end of 12, 24, 48 and 72 hours post RVV and histamine injection. Aortic thrombi formation 
will be examined as previously described. The number and size of thrombi will be measured using 
planimetry of digitized images of the aorta after exposure of the intimal surface. Also, total serum creatine 
kinase (CK) levels will be obtained. Serum will be obtained prior to triggering and at 12, 24, 48 and 72 
hours post triggering. CK activity will be analyzed using U-V vis spectrophtometer (Hewlett-Packard 
8542A U-V, Palo Alto, CA). This will provide an index of myocardial infarct size. Furthermore, 
triphenyltetrazolium chloride staining will be used to determine the amount of remaining viable 
myocardium and unstained infracted areas. Surface areas of infarction proportional to viable myocardium 
will be determined at four levels starting at the apex to the base of the heart.  
    Aim 1d will test the hypothesis that platelets from rabbits with atherosclerosis will have significantly 
higher levels of soluble CD40/CD40L production. Using a dual organ perfusion chamber, we will evaluate 
platelet aggregation and activation of platelets that have a greater production of soluble CD40L in the 
presence and absence of anti-inflammatory agents (such as aspirin, ibrufen, statin). Measurement of soluble 
CD40L will be analyzed by using commercially available ELISAs (Bender MedSystems, San Bruno, CA). 
Platelet aggregation and adhesion will be measured as previously reported by the PI using a unique method 
of laser light scattering (44). The advantages of this system are that it allows for continuous real time 
measurement of platelet aggregation over time. Furthermore, it allows simultaneous comparison of platelet 
aggregation after circulation through balloon injured arteries in the presence or absence of various 
antiplatelet agents. Also, it provides a means to evaluate platelet adhesion to the injured arteries by using 
111In-labeled platelets added to the circuit. The technique relies on the scattering of a He-Ne laser beam 
passed through cuvettes connected to tubing that drain the balloon-injured arteries. From the angle of 
incidence of the scattered light, the average volume of aggregates and the number of particles can be 
calculated from the ratio of the scattering light at 1 to 5 degrees spread on a diode array of a multichannel 
analyzer.  
    Aim 2a. We have previously demonstrated that temperature will rise at the site of acute vascular injury 
using balloon catheters. This is associated with the development of thrombus. In fact, temperature rise 
seems to be correlated with the development of thrombosis. Under general anesthesia, rabbits will be 
catheterized using fluoroscopic guidance. A right femoral cut down will be used to access a 4.5F introducer 
and 4F balloon catheter to induce arterial wall injury. Vertebrae will be used as landmarks to identify these 
sites for post-mortem analysis. Blood samples will be collected prior to and following injury via the right 
femoral access site. Measurement of CRP will be conducted in a similar manner as described in Specific 
Aim 1a. Temperature measurements will be obtained using an expanding basket catheter that allows 
contact of thermistors with the arterial walls (Figure 1). This was demonstrated in the section on 
preliminary data.  

 
 
Figure 1. (Top) Basket catheter tip with expanding mesh 
that brings the thermistors in contact with the arterial wall. 
(Bottom) full catheter body (4F) that can be advanced 
from the femoral vein to map the temperature of the entire 
aorta.  
 
 

    Aim 2b. Immunohistochemistry methods will be performed using the aortas from rabbits subjected to 
temperature measurements in Specific Aim 2a and 3a. Markers used for immunohistochemistry include TF, 
PAI-1, CRP and CD40/CD40L. Temperature and thrombus will be correlated based on the post-mortem 
analysis and localization. Arterial wall cholesterol will be measured and correlated to the 
immunohistochemical markers and temperature. 
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    Aim 2c. Antibodies to inflammatory molecules will be used in this setting to determine if temperature 
response can be normalized.  
    Aim 3a will determine heat released during thrombosis. Experiments have been performed in the past, 
attempting to measure this energy release using a water bath. However, the large mass and specific heat of 
the water bath imparts a damping effect on the temperature rise of the blood sample. This temperature rise 
should otherwise be observable in a sample isolated from its surroundings. Because of difficulty in 
detecting temperature change in vivo or in areas with large thermal sinks, it is necessary to determine the 
temperature changes in a thermally isolated setting. In order to accomplish this, blood samples will be 
placed in a series of test tubes held in an insulating polystyrene holder. The insulated holder will in turn be 
placed in an insulated enclosure, heated to the ambient temperature of the test tubes to minimize the 
temperature difference between the air and the small portion of the tubes exposed to the air. Additionally, 
this heated space will be used to bring all of the test tubes to a uniform temperature just prior to the start of 
the experiment (Figure 2). 
    Blood is drawn from rabbits and placed in several test tubes. These are then placed in a polystyrene 
block, which is drilled to facilitate a tight fit for the tubes, so as to avoid the circulation of air around the 
outside surface of the tubes. The tubes extend very little above the top surface of the polystyrene block, 
only as necessary to permit removal. The top surface of the tubes is also covered with an insulating blanket. 
This minimizes the potential for convective heat transfer from the air to the blood or vise versa. The 
primary objective is to trap any heat released by the reaction associated with clotting to the volume of the 
blood and the test tubes.  Each tube is provided with two thermocouples for redundancy, with one located 
in the upper part of the tube and one in the lower part. The thermocouples in turn are read by a data 
acquisition system. Additionally, two thermocouples are placed in the experimental chamber to record the 
average chamber air temperature throughout the experiment. 

 
Figure 2. Clotting Calorimeter Experiment.  Blood samples 
will be taken and placed in a series of test tubes held in an 
insulating polystyrene holder.  Clotting will be induced by 
the addition of Thrombin.  Temperature measurements as a 
function of time can be recorded by a data acquisition 
system throughout the experiment.  
 
 
 
    Once the blood has been added to the test tubes, 

temperature measurements from the thermocouples through data acquisition system can be observed and 
recorded. Certain time is required during this transient period to allow the samples to come to thermal 
equilibrium.  Once changes in temperature with respect to time have subsided, the clotting can be induced 
by addition of thrombin and formal recording of temperature with respect to time can begin. The readings 
on all thermocouples in all tubes are recorded at intervals not greater than 30 seconds. Additionally, 
temperature of the air in the chamber is recorded at the same interval.  As the chemical reactions associated 
with the clotting take place, the heat given off raises the temperature of the test tube and the blood with a 
negligible amount of heat lost to the surroundings, due to the insulating properties of the polystyrene block 
and the blanket cover.   
    Temperature measurements are taken until the temperature rise resulting from the heat released from the 
clotting reaction appears to stop. This is evidenced by a stabilization of the temperature, wherein the 
temperature appears to no longer rise as a function of time. At this apparent stabilization point, the 
experiment is continued and measurements are recorded until the overall time past the stabilization point is 
equal to the time of stabilization, as measured from the point of the introduction of the thrombin at the start 
of the experiment. The purpose of recording the extended post-stabilization data is for analysis of heat loss 
rates from the tubes in the experimental enclosure. Each year, blood from normal (n=10); atherosclerotic 
(n=20) and thrombus triggered rabbits (n=20) will be used and compared to determine any differences that 
may be altered by varying systemic conditions. 
    Aim 3b will involve direct numerical temperature profiles for arteries in which injuries or clotting have 
taken place. For computing the temperature in the artery wall, thermal conduction will be assumed, in 
cylindrical coordinates, with a convective surface on the interior and either a convective surface or a semi-
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infinite solid boundary condition on the exterior. Due to the potential irregularities in the region on the 
injury, a numerical solution will be developed.  The full three-dimensional transient heat conduction 
equation in cyclindrical coordinates, with constant properties is  
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where r is the distance from the centerline of the artery, θ is the circumferential coordinate, z is     the axial 
coordinate, t is time, and T is the temperature as a function of r, θ, z and, t.  Additionally, α is the thermal 
diffusivity and g is the volume energy generation rate as a function of r, θ, z and, t.   
    Given the relatively small size of arteries, on the order of centimeters, and the accompanying long time 
associated with the duration of the anticipated heat generation, on the order of tens of minutes, it should be 
reasonable to consider the heat conduction in the artery to be steady-state.  This can be verified by 
considering the dimensionless time for a transient of this duration, assuming a thermal diffusivity of 
approximately 10-7 m2/s.  Using these assumptions gives 
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With a dimensionless time greater than 1, the conduction transient following the injury is nearly complete.  
Therefore, a steady state analysis is not unreasonable.  A geometric simplification can be employed as well.  
A two dimensional analysis could be used when variations are expected to be minimal in one of the three 
dimensions in the cylindrical coordinate system, depending upon the location and size of the injured area of 
the artery. If a long injury or clot along one side of an artery is to be examined, variation of temperature in 
the axial direction could be ignored and variations in the radial and circumferential directions could be 
calculated.  An illustration for a sample grid for this type of situation is shown in Figure 3.  
 

 
Figure 3. Two dimensional numerical grid 
for calculation of temperatures in the artery 
for a circumferentially dependent orientation 
of an injury site.  This is a two dimensional 
problem which can be computed much more 
rapidly than a three-dimensional case, and is 
best suited for small local injuries. 
 
 
 
 

In this case, the differential equation would reduce to  
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with boundary conditions on the inside and outside surfaces, respectively, of 
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    The internal energy generation term would only apply in the affected area modeling the injury.  
Elsewhere it would be zero. Similarly, if an injury is assumed to completely surround the artery in one 
location, variation in the circumferential direction could be ignored and the radial and axial dimensions 
alone could be considered. This situation is depicted in Figure 4, where a two dimensional finite difference 
grid is shown in the axial and radial directions.  In this case, the applicable differential equation is   
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with boundary conditions on the inside and outside surfaces, respectively, of 
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Figure 4. Two 
dimensional 

numerical grid for 
calcula- calculation of 
temperatures in the 
artery for an axially 
dependent orientation 
of an injury site.  This 
is a two dimensional 
problem which can be 
computed much more 
rapidly than a three-
dimensional case and 
is best suited for cases 
where the injury 

exists over the entire circumference of the artery. 
 
    The internal energy generation term would only apply in the affected area modeling the injury. 
Elsewhere it would be zero.  Both of these differential equations could be solved for various sizes and 
configurations of injuries, so as to be correlated with the experimental measurements and applied using the 
inverse methods in Specific Aim 3c.  These equations are anticipated to be solved using a custom made 
finite difference method, as opposed to using a commercial software package because of the repetitions to 
be used by the inverse methods. 
    Aim 3c will involve the analysis of experimentally measured data from Specific Aim 2. Temperature 
measurements can be taken using a thermal catheter in vivo, measuring the temperature response to injury 
or clotting. Temperature measurements taken by the thermal catheter can be fitted using inverse heat 
transfer analysis (47). The essence of the procedure is to compute values of temperature rise, as functions 
of position and time, in the artery in response to a unit volumetric energy generation rate within a certain 
number of finite control volumes within the grid.  Assuming that one of the two dimensional steady state 
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grid systems mentioned in Aim 3b is to be used, the computation will depend only on position in two 
dimensions with no dependence on time.  This can be expressed as a function which is typically designated 
as φi,j(r,θ) or φi,j(r,z) depending on whether the problem is being considered in the z or the θ direction.  In 
either case, the i and j subscripts designate the location of the internal energy generation, in terms of which 
finite control volume contains the internal energy generation.  Using a numerical grid solution, the r, θ and 
z dimensions can be thought of as indices as well.  Therefore, for each point on the grid, a temperature rise 
given by φi,j(r,θ) or φi,j(r,z) will be calculated.  There will be as many values of the unit temperature 
function as there are finite control volumes in the grid for each point on the grid. Of course, many of these 
are redundant and will not need to be calculated, but there are potentially thousands of these function values.   
    Using the principle of superposition, the actual temperature rise at a given point in the grid will be the 
sum of the contributions from each of the finite control volumes. With the unit temperature rise functions 
φi,j(r,θ) or φi,j(r,z) calculated and tabulated, this temperature rise will be the sum of each of the individual 
functions multiplied by the magnitude of the internal energy generation in the corresponding finite control 
volume.  This is 
 

  , , , ,
1 1
1 1

( , ) ( , ) ( , ) ( , )

i m i m
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where gi,j is the magnitude of the internal energy generation in the finite control volume with indices i and j 
and m and n are the number of nodes in the r and θ or the r and z directions, respectively. Given a 
collection of temperature measurements with respect to position, the location and magnitude of the heating 
in the artery due to injury or clotting can be computed.  This method then gives a quantitative measure of 
the location and extent of injury or disease in the artery. 
    Aim 4a. Rabbit thrombi in vitro and in vivo will be ablated by UV excimer laser (308 nm excimer laser, 
Spectranetics CVS-300TM, Spectranetics, Colorado Springs, CO) with 0.7, 0.9, 1.7 and 2.0 mm diameter 
optical fibers. Saline is flowed through the central hole by a syringe pump. Within the laser ablation the 
fiber is pushed through the thrombus by a hand-control micrometer and the speed depends on the laser 
power. As a control, some tests are done with only fiber without laser to test the mechanical effect on 
thrombus. The buffer with the ablated debris is collected in a beaker. After treatment the buffer is 
centrifuged to separate the debris. The debris is dried and weighted. The remaining thrombus in the tube is 
dried at 70oC over night (48, 49). Meanwhile, some tubes with thrombus are dried without treatment and 
weighed to calculate the ratio of wet/dry weight of thrombus. The lost thrombus weight is calculated from 
this ratio and the remaining thrombus dry weight. Particle size measurement is done by a modified Coulter 
counter and laser scattering method. The Coulter counter's output pulse signal is converted to digital signal 
by the A-D converter in the controller of a multi-channel analyzer and recorded as a computer data file. The 
pulse high (proportion to particle volume) distribution is calculated with a home-written software.  
    Aim 4b. CRP, PAI-1 and TF in the serum of rabbits (lased and non-lased) will be measured with ELISA 
and the protein contents will be correlated to the thrombus formation/ablation and platelet activity.  
    In the whole project, rabbits will be used as the multi-purpose. Endothelium and smooth muscle cells 
from hearts and arteries of the 3 rabbit groups will be primary cultured for the reference observation and 
histology will be made by the standard method. 
    Data Analysis: The temperature rise as a function of time is plotted at the conclusion of the experiment, 
including measurements taken beyond the stabilization time. Using the values available for the mass and 
specific heat of the glass test tube and the blood, the amount of heat released can be determined by the 
product of these two quantities and the temperature change. Using the measurements from the post-
stabilization period, the rate of heat lost from the test tubes as a function of the temperature difference 
between the tubes and the experimental chamber can be computed, namely an effective convection 
coefficient. From this effective convection coefficient, the quantity of heat loss during the experiment is 
computed and is added to the heat release computed from the temperature rise in the test tubes in order to 
compute the total amount of heat released in the clotting reaction. The heat released during the clotting 
process on a per-gram basis will then be known, which can be used in other analyses where temperature is 
measured in connection with clotting and injury. This in turn, using inverse heat transfer techniques, allows 
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an analysis of the magnitude of clotting and injury having taken place when only temperature 
measurements are available.   
    Data comparing the three groups will be compared using a Student’s t-test. Also, multivariate analysis 
will be made comparing the serum level of CRP, IL-6 and other inflammation markers relative to the 
temperature elevation achieved. Each group of rabbits will consist of 10 to 20 animals. These are powered 
to be able to distinguish significant differences based on the probability of less than 0.05.  
    Expected Findings/Potential Problems: It is expected that we will see a significant temperature rise, on 
the order of several degrees Celsius, as heat is released from the reactions associated with clotting. The 
stabilization point is expected to occur in the neighborhood of 20 to 30 minutes after the addition of the 
thrombin. The rate of heat loss from the samples to the surroundings of the experimental enclosure is 
expected to be negligible or nearly so. But, it is also possible that the temperature rise may not be 
measurable by the means of detection employed. Because thrombus continues to contract for many hours, 
temperature monitoring many need to be followed for up to 24 hours. Thus, the point of stabilization may 
also be somewhat different from that anticipated, which would require the experiment to be repeated with a 
different sampling frequency.  
    It is expected that a temperature rise can be calculated throughout the tissue of the artery in response to 
heating due to an injury in a particular location. It is also expected that it will be possible to correlate these 
numerical results with empirical measurements taken in vivo as part of Specific Aim 2. A potential problem 
is in attempting to estimate the size and shape of the injury used in the empirical measurements in order to 
make the correlation with the numerical model. Physical examination of the injury site for the artery used 
may be necessary in order to better estimate the size and location of the injury. Additionally, the injury may 
resemble neither the size nor shape. In this case, a three dimensional model may be required, which would 
be considerably more computationally expensive, requiring a considerably more complicated program as 
well. This would reduce the potential output in terms of results that could be generated for the thermal 
aspects of the injuries in the artery wall.    
    For the in vivo measurements, the small temperature rises anticipated, which are only expected to be one 
order of magnitude above the limit of detection of the thermal catheter at best, dictates that measurement 
errors will be large in comparison to the temperature rise. This brings about a significant challenge in the 
application of inverse methods. Similarly, the difficulty associated with determining the location of the 
catheter, both axially and circumferentially, during the in vivo measurement of temperature adds to the 
challenge imposed on the inverse thermal analysis. 
    Advantages of the Method: (1) Nearly all thermal energy released from the reaction is accounted for by 
observing temperature rise. (2) Heat lost to the surroundings can be accounted for by watching temperature 
decay with no accompanying heat generation. (3) Thermal energy released can be examined in isolation 
without the interfering influenced of an in vivo experiment. 
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Abstract: This is the growth studies of Pseudomonas fluorescens implicated in soft rot of purple variety of 
Onions in Southern Nigeria. As the conclusion, the initiation and development of rot can be prevented by 
controlling the temperature and relative humidity of the storage environment as well as reducing general 
inoculation level through adequate sanitary practices during storage and handling. [Nature and Science. 
2007;5(4):75-80].  
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INTRODUCTION 

Many economic plant produce are highly prone to microbial diseases especially in storage. 
Bacteria and fungi are well known plant pathogens and therefore pose serious problems to farmers. 
Bacterial pathogens include Pseudomonas syringae on a variety of plants (Scortichini et al., 2005). 
Buckholderia gladioli on Orchids and Onion slices (Keith et al., 2005) and Xanthomonas campestris pv 
raphani causing leaf spot disease of Brassicas (Vicente et al., 2006). 

Earlier work had revealed the role of Pseudomonas species in soft rot development of Onions 
(Buckholder, 1950; Cother et al., 1976; Oguntuyo, 1981). 

It is well known that establishment of a pathogen in its host must be determined by factors such as 
presence of nutrients, pH, water activity, presence of antimicrobials, competing microorganisms, and 
external factors  in the storage environment. Plant tissues contain food substances that enable the support 
and growth of microorganisms. Onions in particular contain soluble sugars 6.600%/g, amino acids 
0.019%/g, lipids 0.530%/g and 91% water (Aboaba and Ekundayo, 2000). 

They found that there was appreciable loss in the sugar content during spoilage by P. fluorescens. 
Starr (1959) found that the gross nutritive requirement for the growth of practically any bacterial 
phytopathogen could be met by organic substances present in the suitable host. 

It has been established that the atmosphere of storage at the post harvest stage contributes to onset 
and rate of spoilage of farm produce. The extrinsic factors needed for rapid proliferation of microbial cells 
are usually temperature, relative humidity and accessibility of air. Robinson et al. (1975) suggested that 
commodities resistant to evaporation such as onions may be stored at lower humidities thus reducing 
microbial hazards. The warm humid tropical environment poses a lot of hazards to plant produce. In 
Nigeria, the bulbs are grown mainly in the northern part of the country from where they are packed in jute 
bags and transported to various parts  of the country. The period from harvest to availability in the market 
may take several months. 

The aim of this study was to investigate the physiological requirements of this organism (P. 
fluorescens) as a means of producing information for control strategies against extensive post harvest 
deterioration of Onions in Nigeria. 
 
MATERIALS AND METHODS 
Collection of Samples  

The Onion bulbs were obtained from different markets in Lagos area in Southern Nigeria. The 
lyophilized cultures of the pathogen was obtained from Microbiology Research Laboratory of the 
University of Lagos. 
 
Requirement for Carbon and Nitrogen Sources 

The ability of the organism to use different carbon sources for growth was determined by culturing 
the 24 hr old culture on minimal salt medium containing galactose, lactose, maltose, mannitol, sucrose, 
sorbose, fructose and glucose. All the sugars had equal weight (0.4 g) of carbon. Growth was assessed 
using the turbidimetric method. The best carbon source was later used at different concentration for optimal 
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growth requirement. The above procedure was used with Alanine, Glycine, Tyrosine, Sodium Nitrate, 
Ammonium Sulphate and Asparagine, each with 0.15g of nitrogen. The best nitrogen source was also used 
at different concentrations. The optical density values were plotted against log number of cells. 
 
Growth in vitro 

A known aliquot of the 24hr old bacterial suspension (9.2 x 107 cfu) was inoculated on a variety of 
commercially produced nutrient medium for bacteria and Onion extract agar (Oguntuyo, 1981). The plates 
were incubated at 4°C, 29 ± °C and 37°C for maximum of three (3) days. The media were also prepared in 
the broth form and inoculated in the same manner. The cultures were placed in a rotary shaker at 4°C, 29 ± 
2°C and 37°C for 30hrs. The bacterial number was determined every 2hrs using the turbidimetric method. 
Duplicate Optical Density readings were obtained for each analysis using the Photoelectric Colorimeter 
Model AE-11. 
 
pH Effect in Onion Broth 

Onion broth was prepared according to Oguntuyo (1981), 50ml each was placed in 250ml conical 
flask. The content each of the duplicate flasks was adjusted to pH2 with 6 N HCl. The same procedure was 
done to obtain pH 4, 6 and 8 using HCl and 2N NaOH The flasks were inoculated with 24hr old culture 
(107) , incubated in a rotary shaker at 29 ± 2°C for 30 hours. The flasks containing sterile onion broth 
served as the control. The optical density readings were obtained every 2 hours. 

T-test analysis was used to find the level of significance in the growth of the organisms in different 
t media, at different temperatures and pH values of growth medium. 
 
Growth of Pathogen in Onion Bulb 

Healthy onion bulbs were surface sterilized according to method of Booths, 1971. The bulbs were 
artificially inoculated into previously made openings (0.5cm diameter) with varying inoculum 
concentration of a 24hr old bacterial culture (103 x 109 cells). The bulbs were placed into sterile glass jars, 
incubated for seven (7) days at room temperature (29 ± 2°C). The tissue at the point of inoculation showing 
soft rot was removed with a sterile cork borer, weighed and homogenized with 100mls of sterile distilled 
water. The number of recovered cells per gramme was estimated using the dilution plate technique. 

The diameter of rot tissue showing necrotic tissue at least 2mm beyond point of inoculation was 
measured in cm as this is considered evidence of infection for pathogenicity test. Control bulbs were 
inoculated with 1ml of sterile distilled water. 
 
Environmental Conditions and Rot Development 

The healthy onion bulbs were treated as above placed in sterile glass jars inoculated with 109 cfu 
and incubated at different temperature regimes of 4°C, 29 ± 2C, 37°C and 44°C for 4 weeks. The extent of 
rot was determined by measuring the diameter of rot tissue around the point of inoculation every 24 hours. 

The relative humidity effect was determined by incubating the inoculated bulbs in R.H Chamber 
adjusted to different relative humidity values. The relative humidity values were obtained by placing 
100mls of appropriate saturated salt solution corresponding to between 95% and 50% at 29°C (Winston and 
Bates, 1960). All control bulbs were inoculated with same amount of sterile distilled water. 
 
 
RESULT 
In Vitro Studies 

The pathogen had optimal growth in the presence of 1.5% (w/v) glucose, 1.06% (w/v), glycine, 
and temperature of 29 ± 2°C. Nutrient agar and onion extract agar supported growth at 29 ± 2°C and 37°C 
with population counts of 107 cfu/m and 103 cfu/ml at 4°C. However, growth could not be achieved in 
onion broth at 4°C. (Figs. 1 and 2). 
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Fig. 1: Growth of P..flourescens in Nutrient broth at different temperature. 

 
 

 
 

Fig. 2: Growth of P. flourescens on Onion broth at different temperatures. 
 
 
In Vivo Studies 

Soft rot development was initiated in the presence of the pathogen. The diameter of rot increased 
from as inoculated concentration increased and reached the peak 0.23cm on day 1 to 4.47 cm on day 7 at 
room temperature when inoculation concentration was 109 cfu/ml. 

There was corresponding increase in number of viable cells recovered in the rot tissues till the 5th 
day and then a slight decrease was observed by the 7th day. (Fig. 3 and Plate 1).  
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Fig. 3: Extent of rot development and growth of P. flourescens in the Onion bulbs 

 
 

 
 
 
 

Plate 1: Artificially inoculated bulbs and control bulbs. 
 
 
Environmental Effects and Rot Development 

Diameter of rot tissue was optimal at 29 ± 2°C (4.36 cm) and at Relative Humidity 100% (4.53 cm) 
(Tables 1 and 2).  
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Fig. 4: Extent of rot development at different relative humidities  
 
 
DISCUSSION 

Pseudomonas fluorescens was implicated as a soft rot pathogen of onions as it conformed with 
Koch postulate (Aboaba and Ekundayo, 2000). In this study, the pathogen was able to utilize a wide variety 
of carbon and nitrogen sources when cultured in minimal salt medium. This is not surprising as 
Pseudomonas species are metabolically very active and excellent scavengers. Growth however was optimal 
with glucose and glycine. These simple forms of carbohydrate and protein were found to be present in 
healthy onion bulbs (Aboaba and Ekundayo, 2000). Microorganisms usually have preference for nutrients 
in their simple forms in any environment. It is also known that nutritive requirement for pathogens can be 
satisfied from the organic molecules present in the host tissue. This was confirmed by the in vivo studies. 

The pathogen grew readily in all the commercial media used at room temperature. It was optimal 
in nutrient agar at all temperatures except 44°C and in onion extract agar at 29°C. Pseudomonas species 
generally grow on simple unenriched media such as Nutrient agar. 

In vivo studies showed that the pathogen was able to initiate and proliferate in the onion tissue 
when healthy bulbs were artificially inoculated. The extent of rot development increased with increase in 
inoculum size as storage period increased at room temperature and 80 – 100% R.H. Buckholder (1948) had 
stated that optimal temperature requirement for most bacterial pathogen was 27°C. Cother et al. (1970) had 
also found that moist environment around onion bulbs after a heavy dew could be conducive to the 
maintenance and increase of bacterial population. This supports the fact that increase in rot development 
under these conditions was proportional to bacterial population recovered from affected tissue. The 
presence of readily available utilizable nutrients coupled with favourable environmental conditions 
favoured growth and proliferation of the pathogen. This made invasion of tissue easier manifesting in soft 
rot condition. 

It is important therefore to store onion bulb under controlled environment. Robinson et al. (1975) 
had suggested that reduction in temperature should be complemented with the need to reduce evaporative 
losses. Onions however have minimal exposed surface per volume ratio as the dried scale leaves protect the 
fleshy succulent bulbs. It was suggested that the foliage especially in the neck region should be dried before 
storage as this shrivels and forms a seal which prevents ingress of pathogens (Jones, 1963). 

In view of this, the bulbs should be stored at low relative humidity and temperature. It is important 
however that the bulbs must be used immediately after removal from the storage environment as they will 
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be prone from microbial attack because of the high ambient relative humidity and temperature in Southern 
Nigeria. Long term storage may be in form of pickles as the pathogen cannot survive acidic conditions. 
This however may have huge financial implications. 
 
CONCLUSION 

The initiation and development of rot can be prevented by controlling the temperature and relative 
humidity of the storage environment as well as reducing general inoculation level through adequate sanitary 
practices during storage and handling. 
 
Correspondence to:  
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Dept. of Botany and Microbiology 
University of Lagos, 
Lagos, Nigeria 
simboaboaba@yahoo.com 
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ABSTRACT: The antibacterial and antifungal activities of Luffa operculata, and  Peltophorum.pterocarpum were 
investigated against S. aureus (gram+ve), E. coli (gram-ve) and C. albicans using the Stokes disc diffusion, the pour 
plate, well diffusion and streak plate method. These extracts were obtained by three extractions each with hexane, 
dichloromethane, ethyl acetate and ethanol. Solvents were removed in vacuo to yield viscous oils and paste which 
were made up to a concentration of 0.03g in 10 mL of the respective solvents. These were tested in varying volumes 
of 100-600 uL/plate (i.e. concentrations of 0.03-0.18 mg/10 mL agar). The solvents were used as control whereas 
ampicillin and nystatin were used as references for bacteria and fungal species respectively. The solvents had no 
effect on the microorganisms whereas ampicillin and nystatin inhibited microbial growth. All three plants showed 
antimicrobial inhibitory activity at 0.18 mg/10mL plate of medium. Activity was also most prominent with the 
ethanol extracts and least or negligible with the hexane. This study suggests that the ethanol and ethyl acetate 
extracts of Luffa operculata and Peltophorum.pterocarpum can be used as herbal medicines in the control of E. coli 
and S. aureus induced medical diseases, following clinical trials. [Nature and Science. 2007;5(4):81-93].  
 
Keywords: Antimicrobial, S.aureus, E.Coli, C.albicans, Stokes Disc diffusion, Pour plate, Well diffusion, Streak 
plate, herbal medicines. 
 
Introduction  

This paper investigates the microbiological properties of leaves of two plants from the coastal plane of the 
Guyana flora, in an attempt to evaluate their future use as possible herbal medicines. Plants studied are Luffa 
operculata, and Peltophorum.pterocarpum. Their antimicrobial properties were investigated against S.aureus 
(gram+ve), E.coli (gram-ve) and C.albicans using the Stokes disc diffusion sensitivity technique, Pour plate, Well 
diffusion and Streak plate. 

Guyana has a rich diverse flora whose crude extracts, both organic and aqueous can be investigated for 
antimicrobial activity. Also, the specified plants parts of the same species be screened for natural products whose 
antimicrobial activity can also be correlated. Following this, clinical trials can lead to the formulation of an herbal 
plant cream. Plants extracts have been used for their antimicrobial properties1-14. In Guyana, there are many folk 
remedies but most are without scientific research. Thus, there exist an urgent need to correlate folklore herbal 
practices with scientific evidence. With an increasing emphasis on scientific research, Guyana stands well in this 
area. Besides used as an herbal cream, following clinical trials, plant extracts can be subjected to chromatographic 
separation, leading to the isolation and purification of new and un known and known bioactive natural 
products/phytochemicals whose medicinal activity can also be investigated 2,4,14. 

Research in herbal medicine and isolated drug discovery need to be continued, considering the threat of 
new emerging disease such as SARS,  bird flu, not to mention AIDS. Plants are a good source of herbal medicine 
and natural products/ phytochemicals1-14. Guyana stands well for the establishment of a phytopharm, a farm set aside 
for the sole purpose of cultivating plants rich in natural products/phytochemicals14. Phytopharm has been established 
in the UK since 1990 and is the first botanical development company. The company is developing treatments for 
Alzhemeimer’s disease, appetite suppression and inflammation. One advantage of botanicals is that a company can 
start immediately to evaluate plant extracts for clinical efficacy in diseases if there is a history of its use. USA based 
Phytoceutica uses assay, informatics and clinical trials to discover and develop botanicals drugs14. Guyana stands 
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well for the establishment of phytopharms. This would require though scientific evidences to confirm folklore 
practices. One such evidence is an investigation of antimicrobial activity of selected plants using contemporary 
antimicrobial tests. Thus, the antimicrobial activity of Luffa operculata, and Peltophorum.pterocarpum are 
presented here. 

The luffas species are tropical and subtropical annual vines comprising the genus Luffa15. Luffa belongs to 
the family called Cucurbitaceae. L. acutangula (Angled luffa, Ridged Luffa), L. aegyptiaca (Smooth luffa, Egyptian 
luffa), L. operculata (Sponge cucumber), are some species. It is commonly called “nenwa”. The fruit of at least two 
species, L. acutangula and L. aegyptiaca, is grown to be harvested before maturity and eaten as a vegetable, 
sometimes called jhingey or nenwa.. The fruit of L. aegyptiaca may also be allowed to mature and used as a bath or 
kitchen sponge after being processed to remove everything but the network of xylems. In this research, luffa 
operculata was studied. 

Peltophorum pterocarpum is a deciduous tree growing up to 15–25 m (rarely up to 50 m) tall, with a trunk 
diameter of up to 1 m16. The leaves are bipinnate, 30-60 cm long, with 16-20 pinnae, each pinna with 20-40 oval 
leaflets 8-25 mm long and 4-10 mm broad. The flowers are yellow, 2.5-4 cm diameter, produced in large compound 
racemes up to 20 cm long. The fruit is a pod 5-10 cm long and 2.5 cm broad, red at first, ripening black, and 
containing one to four seeds. Trees begin to flower after about four years. The bark of plant is used for dysentery, 
tooth powder, eye lotion, embrocation for pains and sores.  The bark also gives a dye of a yellow colour.  

 
 
            Fig. 1.0  Peltophorum pterocarpum 
 

The above two plants extracts were tested against E.Coli, S.aureus and C.albicans. Escherica. coli can 
cause several intestinal and extra intestinal infections such as urinary tract infections, meningitis, peritonitis, mastitis, 
septicemia and gram-negative pneumonia17. Staphylococcus aureus can cause furuncles (boils), carbuncles (a 
collection of furuncles)18. In infants, Staphylococcus aureus can cause a severe disease Staphylococcal scalded skin 
syndrome (SSSS). Staphylococcal endocarditis (infection of the heart valves) and pneumonia may be fatal. Candida 
Albicans is a diploid fungus (a form of yeast) and is a casual agent of opportunistic oral and genital infections in 
humans19-20.  
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Procedure:   
2.1:  Collection of Plant materials: The leaves of the above two mentioned plants were collected off the coastal 
plain of Guyana. The detached plant leaves were subjected to aerial drying for two weeks and crushed into very 
small pieces and placed in separate conical flasks. This increased the surface area for extraction. 

Extraction: The leaves were first extracted in hexane thrice over a period of five days4-11.Water was 
removed from the accumulated extract by stirring over anhydrous Na2SO4 and extract filtered.Solvents were 
removed in vacuo using rotary evaporation.The extracts were placed in vials and then in a dessicator. Extracts were 
stored in capped vials and were weighed. The above procedure was repeated with the same leaves but with different 
solvents of differing polarity such as dichloromethane, ethyl acetate, and then ethanol. 
 
2.3. Antimicrobial activity tests 
 
2.3.1. Making up extract solution 

0.03 g of each dry crude extract was weighed and placed in a 10mL volumetric flask. The respective 
solvent was then added to make up the 10 mL solution. 
 
2.3.2.  Microorganisms: 

Micro organisms were obtained from the Georgetown Public Hospital (GPH) microbiology laboratory. 
These were Staphylococcus aureus, Escherichia coli and Candida albicans. They were stored in a refrigerator at the 
Food and Drug microbiology lab. 
 
 
2.3.3. Potato dextrose agar (PDA) 21 

The potato was peeled and 100 g was measured, finely chopped and boiled to a mash in distilled water. The 
dextrose was measured (12.5 g) and placed in a 1L measuring cylinder. Agar was measured (12.5 g) and added to 
the measuring cylinder (with the dextrose).The potato mash was stirred and strained into the cylinder. Hot distilled 
water was added to make up 500 mL.The contents was continuously poured and stirred until consistency was 
achieved. The content was then poured into a conical flask, plugged with cotton wool, over which aluminium foil 
was tightly wrapped. The flask was then autoclaved at 121 0C for 24 hrs. 
 
 
2.3. 4. Reference and Control:  

The references were antibiotic in nature. Ampicillin and Nyastatin. Ampicillin was choosen as the 
reference for all bacterial species used: E.Coli and S.aureus. Nyastatin was used as the reference for the fungus, 
Candida.albicans. The Control experiment consists of a plate of solidifying agar onto which was inoculated pure 
solvent with microorganism mixed in a 1:1 portion 21.   
 
 
2.3.5.  Aseptic conditions: 

The aseptic chamber consists of  a wooden box (1m x 1m x 0.5 m) with a door, was cleaned with 70% 
ethanol and irradiated with short wave UV light (from a lamp). 
 
2.3.6.  Mother plates: 

These were made before by culturing C. albicans on PDA. A sterilized 6 mm cork borer was used to cut 
agar discs in the plate. 
 
 
2.3. 7. Nutrient Agar: 

500 ml of nutrient agar was made by placing 14g of the powdered mixture in a 1L flask, stirred, boiled and 
then autoclaved for 15 minutes at 1210C. The plates were poured in a sterile environment and allowed to cool for 2 
hours. Under aseptic conditions, the micro organisms were streaked onto separate plates and the discs were applied 
with a forceps. 

They were labeled and placed in an incubator at 37 0C for 24 and 48 hours for bacteria and fungi 
respectively.   

 83



Nature and Science, 5(4), 2007, R. C. Jagessar. A. Mohamed, G. Gomes. “Antibacterial and antifungal activity of 
leaf extracts of Luffa operculata, vs Peltophorum Pterocarpum, against Candida albicans, Staphylococcus aureus and 

Escherichia coli”  

  
 
2.3.8.  Colonies Counting: Colonies were estimated with the assistance of a colony counter. The number was 
estimated for 1 cm2 and then calculated for the entire plate. The plate radius was determined. 
 
2.3.9. Retention Factor: Rf = Distance moved by sample/Distance moved by solvent front. In general, the most 
polar compound has the lowest Rf value. 
 
 
2.3.10.  Disc diffusion: Stokes Disc diffusion sensitivity technique 21. 

Using Stokes Disc diffusion sensitivity testing technique21 , an inoculum containing bacterial or yeast cells 
was applied onto nutrient agar plates. On each plate, a reference antibiotic was also applied.The reference antibiotic 
disc contained 10mg of antibiotic/disc. The discs were made by cutting discs (5-6 mm) from a filter paper with a 
perforator, placing 5 of these discs in a vial and adding 0.2mL of each extract solution. These were left to dry. Discs 
were also made for the controls: ampicillin for the bacteria and nystatin for the fungus. Each disc was impregnated 
with the anticipated antimicrobial plant extract at appropriate concentration of 200 mg/ml using a microlitre syringe. 
This was then placed on a plate of sensitivity testing nutrient agar which was then incubated with the test 
organism:Bacteria/fungi. Incubation was done at 37ºC for 24 hr and 48 hr for the bacteria and Candida albicans 
species respectively. The antimicrobial compound diffuses from the disc into the medium. Following overnight 
incubation, the culture was examined for areas of no growth around the disc (zone of inhibition). The radius of the 
inhibition zone was measured from the edge of the disc to the edge of the zone. The end point of inhibition is where 
growth starts. Larger the inhibition zone diameter, greater is the antimicrobial activities. It is anticipated through the 
antimicrobial activity of plant extract, no area of growth will be induced around the disc. Bacteria or fungal strains 
sensitive to the antimicrobial are inhibited at a distance from the disc whereas resistant strains grow up to the edge 
of the disc. Discs applied to the plates already streaked with bacteria and the fungus.  
 
 

 
 

Fig. 2.0. Discs applied to the plates already streaked with bacteria and the fungus, Stokes disc diffusion method. 
 
 
2.3.11.  Pour Plate Method 21. 

After the nutrient agar was placed in the autoclave at 120oC for one and half hour, it was taken out and left 
to semi cool in a sterilized environment. 0.1mL of each solvent type extract and control were measured and placed 
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in separate sterile glass plates plates (100 mm diameter). 10 mL of nutrient agar was then poured into the 100 mm 
plate, with an even depth of 4 mm on a level surface shaken and allowed to cool. A sterile glass rod was used to 
uniformly stir the mixture into the nutrient agar which was left to solidify in the glass plate. The microorganisms 
were then streaked onto the plates and placed in an incubator at 37 0C for 24 and 48 hours for bacteria and fungi 
species respectively. 

The inoculated plates were incubated in an inverted position (lid on bottom) to prevent collection of 
condensation on the agar surface. Unless the surface is dry, it will be difficult to obtain discrete surface colonies. 
The plates were examined for the appearance of individual colonies growing throughout the agar medium. The 
number of colonies were counted so as to determine how effective the plant extract were against bacterial and fungi. 
 
 
2.3.12. Diffusion plate (well diffusion): 

The fungus (Candida albicans) was mixed with the warm, melted, autoclaved PDA and poured into plates 
under aseptic conditions. The plates were covered and allowed to cool. As soon as the agar was partly solidified, the 
plates were inverted and left for 2 h. When cooled, a well was made at the centre of the plate. The well was made by 
using a 6mm cork borer that was sterilized with alcohol and flame. The extracts were applied to different wells in 
volumes of 100-600uL using a micro liter syringe. The four solvents (hexane, dichloromethane, ethyl acetate and 
ethanol) were used as control whereas nystatin was used as the reference.The plates were labelled, covered, inverted 
and placed in a fume hood (no incubator was available) for 48h. 
 
2.3.13. Streak plate for bacteria: 

Nutrient agar was prepared as described above and 10mL was poured into plates. The plates were treated 
with the extracts and reference compound ampicillin in varying volumes of 100-600 uL.The plates were allowed to 
cool and then the bacteria were streaked onto the surface.These plates were left for 24 hours. The plates with 
inhibition were used in further experiments. 
 
2.3.14. Thin Layer Chromatography (TLC): 

A baseline was drawn on the TLC plate. A spot of the plant extract was placed on the baseline with use of 
the pipette and allowed to dry.The plate was placed in the developing jar with the solvent. When taken out of the jar, 
the solvent front was drawn.They were examined under the UV/Vis lamp and the specks were circled with a pencil. 
The plates were then held in the iodine jar for a few seconds, shaken and taken out.The plate was further examined 
under UV lamp and any new specks were marked. The specks were labeled and their distances from the baseline 
were measured. The distance between the baseline and the solvent front was measured.The Rf values were 
determined. 
 
2.3.15.  Results: 

Mass of dried leaves used for Luffa and P. pterocarpum were 4.38 g and 39.4 g respectively. The physical 
state of the dried extract are shown in Table 1.0. 
 

Table 1.0  Shows physical properties of the dry extracts  
                Solvent                   Plant                 Dried  extract 
                Hexane        Luffa operculata 

   Peltophorum.pterocarpum 
                Opaque, oily. 
          Hard, green, gummy. 

          Dichloromethane     Luffa operculata 
    Peltophorum.pterocarpum 

              Rust brown, oily. 
              Black, soft, gummy. 

              Ethyl acetate     Luffa operculata 
   Peltophorum.pterocarpum 

              Rust brown, oily. 
              Soft, black, gummy. 

              Ethanol     Luffa operculata 
Peltophorum.pterocarpum. 

              White flaky. 
               Black, gummy. 

 
These extracts were in the concentration of 0.03 g in 10 ml of solvent. This works out to 0.0003 mg/uL and 

0.02 mg/uL of crude extract respectively. The ampicillin and nystatin controls were in concentration of 250 mg in 10 
ml. 
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Disc diffusion: 
 

Table 2.0. Antimicrobial activity of Plant extracts as shown by the inhibition zone diameter  
Area of 
inhibition. 
(mm2) 
using 
E.Coli 

Area of 
inhibition. 
(mm2) 
using 
S.aureus 

Area of 
inhibition. 
(mm2) 
using 
Candida 
albicans 

        Plant Extracts Reference 
compound 
(mm2) 

Control 
Experiment 

          Luffa operculata  No zone of 
inhibition 

    < 5        <5        <5          Hexane extract        27 No zone of 
inhibition 

     <5        <5        <5  Dichloromethane extract        27 No zone of 
inhibition 

      10         6          5          EtOAc extract        28 No zone of 
inhibition 

      22        18        21          Ethanol extract        31 No zone of 
inhibition 

   Peltophorum.pterocarpum   
    < 5      < 5      < 5          Hexane extract        27 No zone of 

inhibition 
    < 5      < 5      < 5    Dichloromethane extract        29 No zone of 

inhibition 
      22        23        22          EtOAc extract        28 No zone of 

inhibition 
     24        27       25          Ethanol extract        30 No zone of 

inhibition 
 
 
 
Pour Plate: 
 

Table 3.0 showing the number of visible colonies when viewed under a colony counter 
Bacterium Extract        Volume # of colonies 
             E.coli Peltophorum.pterocarpum 

with ethanol 
              600 uL                 1 

           S. aureus Luffa operculata with 
ethyl acetate 

              600 uL                 0 

           E. coli Luffa operculata with 
ethanol 
 

              600 uL 18/cm2x 0.3(63.6cm2)= 
381. 

           S.aureus     
 

Peltophorum.pterocarpum  
with EtOAc 
 

              600 uL  
 

          Controls:  
 

solvents 
 
 

              600 uL Excess growth observed. 
 
 

          S.aureus 
 
          E.coli 
 
 

     Nutrient agar only 
 
     Nutrient agar only 

                 -------- 
 
                ---------   

26/cm2x 63.6cm2=1653. 
 
20/cm2x 63.6cm2=1272. 

         Ampicillin      Nutrient agar only                600 uL                 0 
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These colonies were estimated with the assistance of a colony counter. The number was estimated for 1cm2 
and then calculated for the entire plate. The plate radius was 45mm, therefore the area was 63.6 cm2. 
 
 

Table 4.0.  Results of the well diffusion for plant extracts against C.albicans 
Zones of inhibition 
(mm2) 

Extract       Volume Observations 

             0 Luffa operculata with 
hexane 

         600 uL No zones of inhibition 
visible. 

             0  Luffa operculata with 
ethyl acetate 

       100-400 uL No zones of inhibition 
visible. 

         25x30  Luffa operculata with 
ethyl acetate 

          500uL Zones of inhibition 
visible. 

         30x40 Luffa operculata with 
ethyl acetate 

          600uL Zones of inhibition 
visible. 

            0  
Peltophorum.pterocarpum  
with hexane 

     100-600 uL No zones of inhibition 
visible. 

         30x40 Peltophorum.pterocarpum  
with dichloromethane 

         600 uL Zones of inhibition 
visible. 

            0 Peltophorum.pterocarpum  
with dichloromethane 

      100-400 uL No zones of inhibition 
visible. 

         5x10 Peltophorum.pterocarpum  
with 
ethyl acetate  

        100 uL Zones of inhibition 
visible. 

         20x20  
Peltophorum.pterocarpum  
with ethyl acetate 

        200 uL Zones of inhibition 
visible. 

         22x28 Peltophorum.pterocarpum  
with ethyl acetate  

       300 uL Zones of inhibition 
visible. 

        30x40  
Peltophorum.pterocarpum  
with ethyl acetate 

        400 uL Zones of inhibition 
visible. 

        35x48 Peltophorum.pterocarpum  
with ethyl acetate 

        500 uL Zones of inhibition 
visible. 

        40x70 Peltophorum.pterocarpum  
with ethyl acetate 

        600 uL Zones of inhibition 
visible. 

        75x45 Luffa operculata with 
ethanol 

        600 uL Complete zones of 
inhibition. 

        75x45 Peltophorum.pterocarpum  
with 
ethanol 

        600 uL Complete zones of 
inhibition. 

        20x30 
        30x50 
        50x70 

Nystatin 
 

        200 uL 
        400 uL 
        600 uL 

Zones of inhibition 

        Controls Diffusion well with four 
solvents 

 Scattered colonies 

      Reference          Nyastatin        600 uL Complete zones of 
inhibition 
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Streak plate: 
 

Table 5.0.  showing the results of the streak plate method  
       Bacterium     Solvent Extract         Volume     Observations 
       S.aureus Luffa operculata with  

ethyl acetate 
         600uL          Limited      

         growth 
 Peltophorum.pterocarpum   

with ethanol 
         600uL          Limited    

         growth 
       E.coli Peltophorum.pterocarpum   

with ethyl acetate 
        200-600uL          Limited    

         growth 
  Luffa operculata with 

ethanol 
        200-600uL          Limited  

         growth 
 Peltophorum.pterocarpum   

with ethanol 
         600uL          Limited    

         growth 
     Controls The four solvents: 

hexane,dichloromethane, 
ethyl acetate and ethanol 

        600uL         Growth of    
     microorganism 

       Reference              
     (Ampicillin) 

         200-600uL         Inhibition 

 
 

Table 6.0. showing the results of the TLC for all the extracts 
                  Solvents 
 

                Plants 
 

No of spots visible by 
UV 

Rf value= 
d moved by sample 
d moved by solvent 

Hexane/ dichloromethane, 50:50, 
v/v) 
 

       Luffa operculata                  3              0.23 
             0.73 
             1.0 

Hexane/ dichloromethane, 50:50, 
v/v) 
 

      
Peltophorum.pterocarpum  
 

                3              0.33 
             0.67 
             0.94 

Dichloromethane/hexane, 90: 10, 
v/v) 

      Luffa operculata                 1              0.03 
 

Dichloromethane/hexane, 90: 10, 
v/v) 
 

      
Peltophorum.pterocarpum  
 

                5             0.08 
            0.17 
            0.22 
            0.40 
            0.97 

Ethylacetate/dichloromethane, 90: 
10, v/v) 

      Luffa operculata                1             0.5 

Ethylacetate/dichloromethane, 90: 
10, v/v) 
 

      
Peltophorum.pterocarpum  
 

               3             0.18 
            0.53 
            0.92 

Ethanol/hexane, 90: 10, v/v)      Luffa operculata                1             0.07 
Ethanol/hexane, 90: 10, v/v)      

Peltophorum.pterocarpum  
 

               6             0.09 
            0.17 
            0.38 
            0.57 
            0.64 
            0.95 
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Graphs: Bar graphs are shown in Fig. 3.0 (a) and (b) whereas the corresponding line graphs for (b) and (c) are 
shown in Fig. 4.0 (a) and (b). 
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2.3.17. Discussion:   

All four methods: Stokes disc diffusion sensitivity techniques, pour plating, Well diffusion and Streak plate 
were successful in determining the two plants antimicrobial activities. In general antimicrobial activity follow the 
sequence: Ethanol extract > EtOAc extract > dichloromethane extract > hexane extract. Stokes disc diffusion 
indicates that the hexane and dichloromethane of Luffa operculata and Peltophorum Pterocarpum had neglible 
antimicrobial activity. Only a maximum zone of inhibition of 10mm2 was observed against E.coli.However,  in 
constrats, Peltophorum Pterocarpum EtOAc extract was effected against all microorganisms. For example, a 
maximum zone of inhibition of 23 mm2 was noted  against S.aureus. In all cases, all two plants ethanol extracts were 
effected against all three microorganisms studied. Significant zone of inhibition were observed. This range from 18 
mm2 to 27 mm2. The former was obtained for Luffa operculata against S.aureus whereas the latter was obtained for 
Peltophorum. Petrocarpum against S.aureus.  

The Well diffusion method was also used against C. albicans. The Well diffusion indicate that the ethyl 
acetate extract of Luffa operculata at volume of 100-400 uL respectively induce no zones of inhibition i.e microbial. 
Instead scattered colonies were observed.Also, both Luffa operculata and P. pterocarpum dichlormethane extract 
showed zero zone of inhibition at 100 uL. However, P. pterocarpum dichloromethane extract at 600uL showed zero 
zone of inhibition.  However, Luffa operculata EtOAc extract at a volume of 500uL and 600 uL induce zone of 
inhibition of 750 mm2 and 1200 mm2 respectively. Peltophorum. pterocarpum ethylacetate extract at a volume of 
500 and 600 uL induced zone of inhibition of respectively. Furthermore, as the volume of extract increased from 
100uL to 600uL, zones of inhibition increased from 50 mm2 to 280 mm2 respectively. The ethanol extract of Luffa 
operculata and P.Pterocarpum showed complete zones of inhibition.Interestingly, the zone of inhibition was 
observed to be of the same magnitude: 75 x 45 mm2. P.pterocarpum hexane extracts at 100-600 ul showed zero zone 
of inhibition. However, Peltophorum. pterocarpum  dichloromethane extract against C. albicans showed zone of 
inhibition of 1200 mm2 at 600 uL. The reference antibiotic: Nystatin showed zone of inhibition of 600 mm2 to 3500 
mm2 as the volume of the extract increase from 200uL to 600 uL respectively. For the control experiment, the well 
with the four solvents induced scatterred colonies i.e negative inhibition 

 For the pour plate method,  Peltophorum.Pterocarpum ethanolic extract at a volume of 600 uL was 
antimicrobial i.e zero colonies survived. In constrast, the ethanolic extract of Luffa operculata species at 600 uL 
against E. coli was microbial, inducing the growth of 381 colonies. Both ethyl acetate extract of Luffa operculata 
and Peltophorum. Pterocarpum at a volume of 600 uL showed 100% inhibition against S. aureus. Control 
experiments for pour plate indicate that the solvents induce growth of bacteria: S.aureus and E. coli, Table 2.0. 
However, the reference compound ampicillin completely inhibit the growth of microorganisms. 

 For the Streak plate method, both plant extracts were used against bacterial species: S.aureus and E.Coli. 
The EtOAc and ethanol extract of  Peltophorum.Pterocarpum and Luffa operculata at a volume of 600 uL showed 
limited growth against S.aureus. and E. Coli. The control experiment indicate that all four solvents showed growth 
of the two bacterial species whereas the reference compound Ampicillin showed inhibition at 200-600 uL. 

 Fig. 3.0. (a) represents a disc diffusion plot of the zone of inhibition vs. volume (uL) of 
Peltophorum.Pterocarpum ethanol extract against all three microorganisms (b) represents a plot of the zone of 
inhibition vs. volume (uL) of Peltophorum.Pterocarpum EtOAc extract for well diffusion against Candida albicans 
whereas Fig. 4.0 (a) and (b) represent plots of the corresponding line graphs. As is evident, as the volume of plant 
extract increased so too is the zone of inhibition for the well diffusion method.  

 TLC analyses in various solvent system for each solvent type extract revealed the presence of spots that 
range from one to a maximum of six. Each spot is presumbably due to a pure natural product or phytochemical. 
Each also has a specific Rf value. The larger the Rf value, the lower the polarity of natural product/phytochemicals 
The number of spots and Rf value for each spot is recorded in Table 5.0. For example for the dichloromethane 
extract, P. pterocarpum has five spots with Rf values of 0.08, 0.17, 0.22, 0.40 and 0.97 in dichloromethane/hexane, 
90: 10, v/v respectively. The largest number of spots of six was seen for the ethanol extract of P. Pterocarpum. 
These having Rf value of 0.09, 0.17, 0.38, 0.57, 0.64 and 0.95 respectively. The solvent system for elution been 
ethanol: hexane, 95:5) 
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Conclusions:  

It is clearly seen that these two plants have antimicrobial properties.However, antimicrobial activity is 
solvent dependent with the ethanol extract, the most potent and hexane the least. In general the order of 
antimicrobial activity follow the sequence: Ethanol extract > EtOAc extract > dichlormethane extract > hexane 
extract.  However, the other solvent extracts such as EtOAc were in some cases also very effective. Thus, the 
ethanol extract and in the case of Peltophorum.Pterocarpum, the EtOAc extract can be used as the active constituent 
of an antimicrobial cream. Future work such as isolation and purification of bioactive constituents should target the 
ethanol and ethylacetate extract of these plants.  
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Abstract: Under the increasing threat of various global infectious diseases, the importance of epidemic 
prevention and air quality control in hospital is accented. Four disinfectants were prepared and tested to 
verify the disinfection effect of air environment in Taoyuan Armed Forces General Hospital (TAFGH). STB 
bleach powder (1417 ppm), Type 82 disinfectant (4877 ppm), NaOCl bleacher (1386 ppm) and chlorine 
dioxide disinfectant (193 ppm) were all capable to sterilize medical disposal of 3.2 × 105 CFU/mL with 
disinfection efficiency higher than 99.9% were observed from the environmental specimen and disinfection 
tests in the physician out-patient department. Before sterilization, the average residual colony was 180 per 
handset, which were higher than the value of 15 on door knob. After spraying 1 mL of 200 ppm chloride 
dioxide solution twice onto the surfaces of different objects using the hand-held sprayer, the comparison for 
average disinfection efficiencies of the samples was door knob (100%) = handset of telephone (100%) > 
chair cushion (90.3%) > floor (20.5%) in series. In addition, the background data of biological aerosols also 
revealed that the comparison of average space colony numbers was semi-closed out-patient area in the 
physician department (318 CFU/m3) > semi-closed out-patient area in the surgical department (183 CFU/m3) 
> open-space emergency ward (58 CFU/m3) in series. After using ultrasonic aerosol and handheld sprayer 
ways to sprinkle the chlorine dioxide solution into hospital spaces for 30 minutes, the average colony 
number in the physician out-patient area decreased from 421 to 21 CFU/m3, approaching to a disinfection 
efficiency of 95.0 %. The disinfection efficiency of chlorine dioxide in gas or solution phase is notably 
affirmative and available for the infection control of hospital. [Nature and Science. 2007;5(4):94-99].  
 
Keywords: disinfectant; chlorine dioxide; air quality control; hospital; biological aerosol 
 
1. Introduction 

Chlorine dioxide is a disinfectant recommended by the World Health Organization (WHO) of the 
United Nations (UN) and the Food and Agriculture organization (FAO). It is also a disinfectant listed on the 
Guideline for Laboratory Biosafety of the WHO[1]. The disinfection efficacy of chlorine dioxide is not 
affected by the pH and its advantage of not generating carcinogen (THMs)[2], make Chlorine dioxide a 
green disinfectant highly praised by the european countries and the United States. As early as in 1946, 
Ridenour et al. reported that Chlorine dioxide is plausible to deactivate and even kill the virus that cause 
poliomyelituss[3]. And in 1973, Smith et al. found that Chlorine dioxide has a higher disinfection rate than 
Chloride against various viruses, like Echo viruses Type 7, Coxsackie virus B3 and Sendai virus [4]. In 1980, 
Roberts et al. reported thst after exposure of chlorine and chlorine dioxide for 2 minutes, the survival rates 
of Polioviruses type 1 are 63.1 % and 6.3 %, respectively[5]. 

As early as in 1967, the EPA of the US has cataloged the solution of Chlorine dioxide as a disinfectant 
or sanitizer. In 1988, the US EPA has further classified the Chlorine dioxide gas as a class 3 sterilant[6]. 
Besides, according to Hoehn’s report, there are more than 700 waterworks worldwide that use Chlorine 
dioxide to replace Chloride in drinking water disinfection[7]. The number of waterworks that use Chlorine 
dioxide has grown to over 2000 up to date because of the advantage that Chlorine dioxide does not induce 
the generation of THMs. According to the reports concerning the disinfection efficency of Chlorine dioxide 
published by Huang et al. in 1997 and the US EPA at 1999, it has been shown that Chlorine dioxide has a 
higher disinfection rate than ozone and Chloride. Chlorine dioxide has a very prominent disinfection effect 
against Coxsackievirus, Echo viruses, Polioviruses, Herpes simplex virus (HSV), Hepatitis B virus, 
Newcastle disease virus, Bacteriophage, Vaccinia virus, Poliomyelitis virus and Sendai virus et al. in 
water[8,9]. 

In a series of anthrax attacks following the 911 terrorism attack, Chlorine dioxide was chosen for 
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disinfection because of its excellent disinfection efficiency. The US EPA, for the first time, successfully 
used Chlorine dioxide gas of 500ppm to disinfect Bacillus anthrax in the building where Senator Hart’s 
office located in the Capitol Hill in the US. In the following year, the US EPA used Chlorine dioxide steam 
again to successfully disinfect a locker in the Brentwood mail process and delivery center at Washington 
DC[6]. During the SARS outbreak, the national troops of ROC also used Chlorine dioxide solution, with 
concentration ranging from 500 ppm to 1000 ppm fro the surveillance of the contamination control on the 
passage between the disinfection area and the clear area in Taipei Veterans General Hospital and Taipei City 
Hospital He-Ping and Yang-Ming branche. 5ppm of chlorine dioxide was also added to the water system of 
the personnel decontamination station. 

The present report was based on the environment of Taoyuan Armed Forces General Hospital. We 
report this disinfection efficiency of Chlorine dioxide under different environments. The results can be of 
great value for reference use in hospitals. 
 
2. Material and Methods 

Instruments and chemicals in using were listed as follows: 
Microbe incubation (autoclave, laminar flow, temperature-control incubator, colony counter).  

 
Iodine titration.  

Record the values from Chlorine dioxide spectrometer (ODYSSEY DR/2500) and analyze by the 
built-in CRP and DPD methods.  
 
Handheld sprayer (1 liter)  

EP606 ultrasonic aerosol (with frequency of 17000 times per second)  
XMX/2AL Aerosol Concentrator (Dycor, Canada)  
EP606 Two part system chlorine dioxide (Gosh corporation, ROC Taiwan) 

 
2.1 Experiment procedure 

1. This study was focused on the sampling and disinfection of the wastewater, out-patient area and the 
waiting area in Taoyuan Armed Forces General Hospital. The main disinfectant used was the EP606 two 
part system chlorine dioxide purchased from Gosh (ROC Taiwan). For the quality analysis of effective 
chlorine and Chlorine dioxide, we referred to the iodometric titration analysis and the spectrophotometry in 
the “Standard methods for the examination of water and wastewater” published by the American Public 
Health Association (APHA)[10].  
 
ClO2 content=(V-V0)xCx0.01349xD/(W)x100% 
 
where V and V0 are the volume of sodium thiosulfate used to titrate the sample solution and the control 
solution, respectively. And W is the amount of sample in gram, while C is the equivalent concentration of 
sodium thiosulfate and D is the dilution fold.  
 

2. Medical wastewater treatment: We first collect the wastewater and then used four biochemical 
disinfectants, namely super tropic bleaching powder (STB ; calcium hypochlorite), ROC Army disinfectant 
Type 82 (sodium dichloroisocyanurate), home-use bleacher (sodium hypochlorite) and EP606 disinfectant 
(Chlorine dioxide) to test the disinfection efficiency, followed by using mixing dilution method (NIEA 
E204.51). 
 

3. The door knob, handset of telephone, chair cushion and the floor: soak sterilized cotton with dilution 
solution or distilled water to rub the surface of the door knob, handset of telephone, chair cushion and the 
floor, respectively to collect the background value of the bacteria in the environment. The samples were 
labeled sequentially. The same areas were disinfected by 200 ppm Chlorine dioxide and the concentration 
of bacteria were examined again by the same procedures describe above. 

4. The space of the out-patient area: By using Aerosol concentrator, the bacteria concentration in the air 
were collected before and after the disinfection by using EP 606 containing 200 ppm of Chlorine dioxide. 
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3. Results and Discussion 
3.1 Disinfection of wastewater 

A series concentration of chlorine dioxide solution and NaOCl solution were added to the wastewater 
of hospital with a 9:1 ratio, 1 mL of samples were then incubated after a period of 10 minutes incubation 
time. The result was shown in Table 1. The total colony of the control was 3.2x105 CFU/mL while the E. 
coli colony was 2.0x104 CFU/mL. The disinfection rate of 10 ppm Chlorine dioxide and 30 ppm NaOCl 
solution were as good as 99.81 % and 99.93 %, respectively. It is similar to the results published by Huang 
et al at 1997, which demonstrate that 0.6 ppm Chlorine dioxide solution and 1.2 ppm NaOCl solution can 
disinfect 90 % of Bacillus subtilis. 

The disinfection rate of Chlorine dioxide solution and NaOCl solution were still 63.41 % and 86.06 % 
if the concentration decreased to as low as 0.07 ppm and 0.173 ppm, respectively. According to the current 
medical wastewater disposal standard (coliform conc. < 2x105 CFU/100 mL), the discharged wastewater 
can conform to the standard if even only treated by the lowest concentration of Chlorine dioxide and 
NaOCl in Table 1. 

The disinfection ability of Chlorine dioxide to bacteria were proposed to initiated through changing the 
permeability of the bacteria membrane. Chlorine dioxide can then penetrate the membrane and oxidize 
the –SH group of glucose oxidase to an –S-S- group. Because the oxidizability of Chlorine dioxide is about 
2.5 times high as that of liquid chlorine, Chlorine dioxide can efficiently inactivate the enzyme activity and 
cause the bacterium death. In the case of conventional treatment by liquid chlorine, the effect component of 
which is hypochlorate (HOCl). However, HOCl and OCl- coexist in water and the bacteriacidal efficiency 
of OCl- is only 1/80 of HOCl[11]. When the higher the pH is, the higher the ration of OCl- is and the weaker 
the disinfectability of liquid chlorine is. Hence, the disinfection efficiency of Chlorine dioxide under neutral 
condition is at least two to three times higher than sodium hypochlorate. 

To compare the disinfection ability of various disinfectants, the disinfectant solutions were added to the 
un-pretreated wastewater, followed by incubation times of 2, 5 and 10 minutes. The results are shown in 
Table 2. It showes that various biochemical disinfectants can achieve disinfection rates of higher than 99.9 
% when incubated for 10 minutes. And the efficiency of Chlorine dioxide is the best among these four 
disinfectants, which can achieve equivalent disinfection rate when the concentration is only 1/7 to 1/25 of 
other disinfectants. 
 
3.2 Environmental disinfection test in physician out-patient area 

Table 3 showes that the average bacteria number on each handset of telephone is 180, which is higher 
than the average bacteria number of 15 CFU/m3 on the door knob. This is caused by the fact that telephones 
were placed at positions where doctors, nurses and patients can access. And further, various bacteria 
colonies can accumulate if the one who use telephone has bacteria on his/her hands or they didn’t use a 
mask when use a telephone. In table 3, we also observed that the disinfection rate in order is door knob 
(100 %) = handset of telephone (100 %) > chair cushion (90.3 %) > floor (20.5 %). The disinfection rate is 
better when the surface of the subject is smooth and is not absorbent. It is not very suitable to use spray to 
disinfect floor which is very dirty, full of dust and very absorbent. The disinfection rate will increase if the 
floor was disinfected by wiping with a mop or sprinkling. 

After spraying 1 mL of 200 ppm Chlorine dioxide solution twice on the surface of door knob, handset 
of telephone and chair cushion, the disinfection rates reaches 90 %. The point is that the surface of these 
objects is smooth and not absorbent plastic surface, which makes the Chlorine dioxide solution can soak the 
bacteria efficiently. The disinfection rate on the fllor is lower, which is only 20.5 %, might cause by the fact 
that surface of the floor is abrasive and absorbent. In 1967 Bernade[12] reported that main mechanism of 
microorganism inactivation is protein break down. And in 1986 Aieta and Berg[13] suggested the imbalance 
of osmosis can distroy the outer membrane of a cell, which causes final degradation of pathogens. In 2006 
Ison et al. summarized the possible mechanisms of the disinfection effects of chlorine dioxide[14]. The bases 
mentioned above are only possible when an efficient contact exist. Therefore, when using chlorine dioxide 
spray to disinfect an object, the smoothness, toughness and absorbance are important determinant factors. 
 
3.3 Disinfection of aerosols in the physician out-patient area 

Aerosols is an important transfer media of bacteria and viruses in hospital. It is difficult to sample 
representative aerosols in a hospital because of the sampling process may disturbed by factors like time, 
space, temperature, humidity and circulation. We use random sampling first bu operating the XMX/2AL 

 96



Nature and Science, 5(4), 2007, Kuen Song Lin, Ming June Hsieh, Ming Jer Liou, Sheau Long Lee, 
Cheng-Kuo Lai. Disinfection effect of chlorine dioxide on air quality control in Armed Forces General 

Hospital of Taiwan  
 

aerosols collecting machine (1000 L/min) to gather background value to assess the bacteria content of 
different areas. The bacteria in the open-space emergency department is 58 CFU/m3, 183 CFU/m3 in the 
semi-closed out-patient area in the surgical department and 318 in the out-patient area in the physician 
department. We chose the out-patient area of the physician department as the target for Chlorine dioxide 
disinfection. 

The spatial volume of the physician out-patient area is about 445.5 cubic meter. We released 1090 mL 
of Chlorine dioxide solution into the space, which corresponded to the efficient concentration of 200 ppm, 
to test the disinfection rate. EP 606 ultrasonic aerosol machine was used, together with handheld sprayer to 
spray on the walls and the air. Because the boiling point of Chlorine dioxide is 11oC, which is lower than 
the room temperature of 24oC, the Chlorine dioxide solution was nebulized immediately after which the 
Chlorine dioxide molecules were evaporized and were capable to destroy bacteria in the space. The 
maximum concentration of chlorine dioxide in the space after 30 minutes is 0.8 ppm which is lower than 
0.10 ppm after 8 hours in the US OSHA bulletin. The results are summarized in Table 4. 

The collection volume of the aerosols collecting machine is 15000 liters, which equals to 15 cubic 
meter. Therefore the background value of the physician out-patient area was 421 CFU/m3, which was in 
accord with the normal distribution of the hospital aerosol which ranges between 370 CFU/m3 and 740 
CFU/m3. The variation of the bacteria at a same smpling spot is correlated to the number of waiting patients 
in the out-patient area. When sampling for te first time, there were 20 patients in the waiting area, which 
resulted in 83 CFU/m3. While sampling for the second time, there were around 70 patients in the waiting 
area, which resulted in 758 CFU/m3. We therefore speculate that more patients in the waiting area will 
result in more bacteria in the aerosol and higher transmission rate. The background value drop from 421 
CFU/m3 to 21 CFU/m3, reached a high disinfection rate of 94.9%, after treated by EP 606 Chlorine dioxide 
gas. The value is far lower than standard of high quality air in Singapore (500 CFU/m3) or in Japan (300 
CFU/m3). 

According to the reports published by Guo et al.[15], the possible pathogens in aerosol in hospital 
include Acinetobacter spp., Burkholderia, E. coli, Enterococcus, Klebsiella spp., Ps. Aeruginosa, S. aureus 
and Sta. epidermidis. Infection through aerosol can be very remarkable. Other potential pathogens in the 
aerosol can cause an even larger threat to medical staff and patients. Influenza virus, Enteroviruses and 
SARS virus can also be transmitted through aerosol. Thus, monitoring and disinfection of aerosol cannot be 
overlooked in infection control. 
 

Table 1. Disinfection rate of chloride dioxide and bleacher solution 
EP 606 Chlorine dioxide solution NaOCl bleacher solution 
Conc. 
(ppm) 

Total 
colony 
(CFU/mL
)  

Coliform 
(CFU/100m
L) 

Disinfec
t. rate 
(%) 

Concentra
tion 
(ppm) 

Total 
colony 
(CFU/mL
) 

Coliform 
(CFU/100m
L) 

Disinfec
t. rate 
(%) 

Control 3.2 x 105 2.0 x 104 - Control 3.2 x 105 2.0 x 104 - 
100 0 0 100 200 0 0 100 
51 150 0 99.95 139 0 0 100 
10 600 80 99.81 30 216 20 99.93 

 
Table 2. Time effect on the disinfection rate of four disinfectants 

Disinfectant STB Type 82 NaOCl bleacher EP 606 ClO2 
disinfectant 

Conc. 1417 ppm 4877 ppm 1386 ppm 193 ppm 

microbe Total※ Coliform※ Total Colifor
m Total Colifor

m Total Colifor
m 

Control 3.2 x 
105 2.0 x 104 3.2 x 

105 
2.0 x 
104 

3.2 x 
105 

2.0 x 
104 

3.2 x 
105 

2.0 x 
104 

2 min. 500 0 250 0 150 0 500 0 
5 min. 300 0 250 0 0 0 400 0 
10 min 250 0 200 0 0 0 300 0 
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Disinfection 
rate (10 
min.) 

99.92 % 100 % 99.94 
% 100 % 100 % 100 % 99.91 % 100 % 

※ Unit for total colony is CFU/mL; Unit for coliform is CFU/100mL 
 
 

Table 3. Disinfection rate of chlorine dioxide (200ppm) in the physician department 
Room no. Test against 7 8 9 10 11 12 13 Average Disinfection 

rate (%) 
Background 
(CFU) 2 50 4 50 0 2 0 15 

Knob (m2) Disinfected 
(CFU) 0 0 0 0 0 0 0 0 

100 

Background 
(CFU) 360 264 38 300 98 150 50 180 Handset 

(m2) Disinfected 
(CFU) 0 0 0 0 0 0 0 0 

100 

Out-patient area Sampling spot A Sampling spot B Average Disinfection 
rate 

Background 
(CFU) 40 82 62 Cushion 

(m2) Disinfected 
(CFU) 2 10 6 

90.3 

Background 
(CFU) 306 16 161 

Floor (m2) Disinfected 
(CFU) 245 11 128 

20.5 

 
 

Table 4. Disinfection rate of chlorine dioxide (200ppm) of the aerosol in physician department 

Physician out-patient Sampling spot 
A 

Sampling spot 
B Average Averaged disinfection rate

Background (CFU/m3) 50 581 117 936 421 
Disinfected (CFU/m3) 23 6 50 5 21 94.9 % 

 
 
4. Conclusion 

The chlorous disinfectants investigated in this study revealed disinfection rates higher than 99.9 % for 
highly contaminated medical wastewater. To reach the same disinfection rate, the concentration of Chlorine 
dioxide is only 1/7 to 1/25 of other chlorous disinfectants. In different surfaces in the physicina department, 
we observed the disinfection rate of door knob of 100 %. At handset of telephone was also 100 % in 
comparison to chair cushion of 90.3 % and floor of 20.5 %. Disinfection by spraying has better effect on 
smooth and non-absorbant surface. Meanwhile, sprinkling or wiping with mop provides a better effect on 
surfaces which is dirty, full of dust and absorbant. 

The background values of bacteria in aerosol are semi-closed out-patient area in the physician 
department (318 CFU/m3) > semi-closed out-patient area in the surgical department (183 CFU/m3) > 
open-space emergency department (58 CFU/m3). The air quality of above areas all conformed to the 
standard bacteria number in the aerosol. After distribution of 1090 mL of 200 ppm Chlorine dioxide 
solution into the air by using ultrasonic aerosol and handheld sprayer for thirty minutes, the average number 
of bacteria drop from 421 CFU/m3 to 21 CFU/m3. Chlorine dioxide is very efficient to disinfect bacteria in 
aerosol and can be used as a refernce. 
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